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1-2 GENERAL INFORMATION 



Since its founding in 1965, Analog Devices has dedicated itself to the design, manufac- 
ture and marketing of products used in real-world signal processing applications. Our 
product universe includes data converters, operational amplifiers, digital signal proces- 
sors, special function devices and application specific ICs that combine these functions 
on a single chip. 

Analog’s core strengths are its analog circuit design expertise and state-of-the-art linear 
and mixed-signal semiconductor process technology, which have led to a long list of 
technically innovative products. These strengths are supported by a number of manu- 
facturing locations around the world and by a technical sales force trained and ready to 
serve your needs. 

The decade of the ’90s offers many exciting opportunities for linear and mixed-signal 
ICs for a wide range of emerging applications in computer peripherals, telecommunica- 
tions equipment and consumer products, including the automotive market. Many of 
these involve processing audio and/or video information, which has become an increas- 
ingly significant part of Analog’s business in recent years, and which was enhanced last 
year by the acquisition of Precision Monolithics. 

Among other successes, our efforts to provide technically innovative and economically 
practical products for audio and video signal processing applications have resulted in 
Analog becoming a leading supplier of both D/A converters used in compact disc play- 
ers and RAM-DACs used in VGA displays. And our monolithic SSM-2125 Dolby Pro- 
Logic Surround Sound Decoder has been recognized as the best integrated solution 
available for implementing this function in consumer electronics products. 

This first edition of our Audio/Video Reference Manual is a clear sign of our commit- 
ment to continue developing and marketing high performance integrated circuits for a 
wide range of audio and video signal processing applications in professional, consumer, 
automotive, medical, military and industrial applications. Here you will find data sheets 
containing complete specifications and applications information on 103 product fami- 
lies, as well as 40 application notes to assist you in your product development efforts. 

The products described in this reference guide represent integrated solutions that offer 
higher performance, increased reliability and lower overall cost, and as a consequence, 
will help you design products that make your company more competitive in its mar- 
kets. We look forward to serving your needs for these types of products for many years 
to come. 

Ray Stata 

Chairman of the Board 
Chief Executive Officer 
Analog Devices 
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Introduction 


Analog Devices designs, manufactures and sells worldwide 
sophisticated electronic components and subsystems for use in 
real-world signal processing. More than six hundred standard 
products are produced in manufacturing facilities located 
throughout the world. These facilities encompass all relevant 
technologies, including several embodiments of CMOS, BiMOS, 
bipolar and hybrid integrated circuits, each optimized for spe- 
cific attributes— and assembled products in the form of potted 
modules, printed-circuit boards and instrument packages. 

State-of-the-art technologies (including surface micromachining) 
have been utilized (and in many cases invented) to provide 
timely, reliable, easy-to-use advanced designs at realistic prices. 
Our popular IC products are available in both conventional and 
surface-mount packages (SOIC, LCC, PLCC), and many of our 
assembled products employ surface-mount technology to reduce 
manufacturing costs and overall size. A quarter-century of suc- 
cessful applications experience and continuing vertical integra- 
tion insure that these products are oriented to user needs. The 
ongoing application of today’s state-of-the-art and the invention 
of tomorrow’s state-of-the-art processes strengthen the leader- 
ship position of Analog Devices in standard data-acquisition and 
signal-processing products and make us a strong contender in 
high performance mixed-signal ASICs. 

MAJOR PROGRESS 

Audio electronic components are an important subset of prod- 
ucts for equipment designers instrumenting the multimedia 
interface between information in electronic form and human 
communication capabilities (particularly sight, speech, hearing, 
and the audible and visual arts). 

The Audio Handbook , published by Precision Monolithics, Inc. 
—which was acquired by and became a Division of Analog 
Devices in 1990— described many of our analog IC products for 
the audio equipment subset. However, we also manufacture 
many analog, digital, and mixed-signal products that are useful 
in the processing and display of video signals, as well as conver- 
sion products for professional and consumer audio equipment. It 
appeared to make good sense in this new edition to expand the 
publication’s concept to include all products— including many 
new ones— designed for the multimedia interface. 

Important products described here that we have introduced for 
this industry include: 

• the AD9020/9060 families of 10-bit “flash” converters that 
provide interfacing for both conventional and HDTV digital 
video systems 


• the ADSP-2105 and ADSP-21020 fixed- and floating-point 
digital signal processors for high speed implementation of 
computational algorithms 

• the ADV7141/46/48 CEG/DAC™ family of monolithic RAM- 
DACs, designed to eliminate “jaggies” and improve color res- 
olution in VGA displays at low cost 

• the AD712 family of low-noise-and-distortion op amps for 
audio preamplification 

• the AD847 op amp for video line driving and other high 
speed applications 

• the AD 1879 dual-channel 18-bit ADC and the AD 1865 dual- 
channel DAC for stereo applications 

• the DAC-8840 and DAC-8841 TrimDACs™ for digitally con- 
trolled circuit parameter adjustment 

• the SSM-2018 voltage-controlled amplifier, for audio panning, 
equalization, remote volume control, and compressor/limiter 
applications— using patented Operational Voltage-Controlled- 
Element (OVCE) architecture 

• the SSM-2125 Dolby* Pro-Logic Surround Sound Matrix 
Decoder, a low cost chip that gives home-entertainment sys- 
tem manufacturers a practical way to bring the benefits of 
theater-type sound to consumers 

• the SSM-2142 and SSM-2141 balanced line driver and line 
receiver for transporting analog signals with minimal signal 
degradation 

Many more could have been added to this list. 

AUDIO/VIDEO REFERENCE MANUAL 

The Audio/Video Reference Manual is one of a set of books 
cataloguing Analog Devices products. It is accompanied by the 
Linear Products Databook and the two-volume Data Converter 
Reference Manual. 

This volume provides comprehensive technical data and applica- 
tion notes on 103 Analog Devices product families designed for 
incorporation in professional and consumer audio, video, imag- 
ing, and multimedia equipment. Included are the following: 

• comprehensive data sheets and package information 

• selection guides for finding products rapidly 

• a set of 40 application notes 

• ordering guide, publications list, and worldwide sales 
directory 

• indexes: 

—application notes, by topic and by part numbers 
—all Analog Devices products, listed alphanumerically by 
part number and keyed to catalog location. 


*Dolby is a registered trademark of Dolby Laboratories, Inc. 
CEG/DAC and TrimDAC are trademarks of Analog Devices, Inc. 
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TECHNICAL SUPPORT 

Our extensive technical literature discusses the technology and 
applications of products for real-world signal processing. Besides 
tutorial material and comprehensive data sheets, including a 
large number in our Databooks, we offer Application Notes, 
Application Guides, Technical Handbooks (at reasonable prices), 
and several free serial publications; for example, Analog 
Productlog provides brief information on new products being 
introduced, and Analog Dialogue, our technical magazine, pro- 
vides in-depth discussions of new developments in analog and 
digital circuit technology as applied to data acquisition, signal 
processing, control, and test. DSPatch ™ is a quarterly newslet- 
ter that brings its readers up-to-date applications information on 
our DSP products and the general field of digital signal process- 
ing. We maintain a mailing list of engineers, scientists, and 
technicians with a serious interest in our products. In addition 
to Databook catalogs— and general short-form selection guides— 
we also publish several short-form catalogs on specific product 
families. You will find typical publications described on pages 
13-4 to 13-7 at the back of the book. 

SALES AND SERVICE 

Backing up our design and manufacturing capabilities and our 
extensive array of publications, is a network of distributors, plus 
sales offices and representatives throughout the United States 
and most of the world, staffed by experienced sales and applica- 
tions engineers. Our Worldwide Sales Directory, as of the publi- 
cation date, appears on pages 13-8 and 13-9 at the back of the 
book. 

RELIABILITY 

The manufacture of reliable products is a key objective at 
Analog Devices. The primary focus is the company wide Quality 


Improvement Process (QIP). In addition, we maintain facilities 
that have been qualified under such standards as MIL-M-38510 
(Class B and Class S) for ICs in the U.S. and MIL-STD-1772 
for hybrids. Many of our products— both proprietary and 
second-source— have qualified for JAN part numbers; others are 
in the process. A larger number of products— including many of 
the newer ones just starting the JAN qualification process— are 
specifically characterized on Standard Military Drawings (SMDs). 
Most of our ICs are available in versions that comply with MIL- 
STD-883C Class B, and many also comply with Class S. We 
publish a Military Products Databook for designers who specify 
ICs and hybrids for military contracts. The 1990 issue consists 
of two volumes with data on 343 product families; the 120 
entries in the second of those volumes describe qualified prod- 
ucts manufactured by our PMI Division. A newsletter, Analog 
Briefings®, provides current information about the status of reli- 
ability at ADI. 

Our PLUS program makes available standard devices (commer- 
cial and industrial grades, plastic or ceramic packaging) for any 
user with demanding application environments, at a small pre- 
mium. Subjected to stringent screening, similar to MIL- STD- 
883 test methods, these devices are suffixed “/+” and are 
available from stock. 

PRICES 

Accurate, up-to-date prices are an important consideration in 
making a choice among the many available product families. 
Since prices are subject to change, current price lists and/or 
quotations are available upon request from our sales offices and 
distributors. 


Analog Briefings is a registered trademark of Analog Devices, Inc. 
DSPatch is a trademark of Analog Devices, Inc. 
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How to Use This Book 


THIS IS THE ANALOG DEVICES AUDIO/VIDEO REFERENCE MANUAL 

It contains Data Sheets, Selection Guides and Application Notes on IC products for audio and video equipment design. 

It is one member of a four-volume set of reference manuals on Linear, Converter and Audio/Video products from Analog Devices, 
Inc., in IC, hybrid and assembled form for measurement, control and real-world signal processing. 

IF YOU KNOW THE MODEL NUMBER 

Turn to the product index at the back of the book and look up the model number. You will find the location of any product 
catalogued in this volume or those listed below, with the Volume- Section-Page location of any data sheet in this volume. 

IF YOU DON’T KNOW THE MODEL NUMBER 

Find your functional group in the list on the opposite page. Turn directly to the appropriate Section. You will find a func- 
tional Selection Guide at the beginning of the Section. The Selection Guides will help you find the products that are the clos- 
est to satisfying your need. Use them to compare all products in the category by salient criteria. A comprehensive Table of 
Contents (of this volume) is provided for your convenience on pages 1-7 through 1-10. 

IF YOU CAN’T FIND IT HERE . . . ASK! 

If it’s not an audio/video product, it’s probably in one of the two companion reference manuals, the Linear Products 
Databook or the Data Converter Reference Manual. If you don’t already own these volumes, you can have them FREE by get- 
ting in touch with Analog Devices or the nearest sales office, or by phoning 1-800-262-5643 (U.S.A. only) or (617) 329-4700, 

Ext. 3392. 

See the Worldwide Sales Directory on pages 13-8 and 13-9 at the back of this volume for our sales office phone numbers. 
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Operational Amplifiers 


Video Amplifiers 






Settling 

BW at 



Input 

Voltage 



Supply 





SR 

AP 

AG 

Time 

Acj Min 

Aci 

Vos 

Bias 

Noise 

loUT 

Supply 

Current 

Spice 




V/fxs 

deg 

% 

ns to % 

MHz 

V/V 

mV 

Current 

nV/VHz 

mA 

Range 

mA 

Model 



Model 

typ 

typ 

typ 

typ 

typ 

min 

max 

|xA max 

@ 10 kHz 

min 

± Volts 

typ 

Avail. 

Page 

Comments 

AD811 

2500 

0.01 

0.01 

65-0.01 

120 

1 

3 

10 

2 

100 

4.5 to 18 

16.5 

X 

2-41 

Best Video Specifications Flatness = 0.1 dB 
to 35 MHz 

AD844 

2000 

0.025 

0.008 

100-0.1 

60 

-1 

0.15 

0.25 

2 

20 

4.5 to 18 

6.5 


2-101 

Constant 10 ns Rise Time for Any Pulse 

OP160 

1300 

0.04 

0.04 

75-0.1 

90 

1 

5 

20 

5.5 

35 

4 to 15 

6.5 

X 

2-225 

Disable Mode for Low Power Applications 

OP260 

1000 

0.067 

0.02 

250-0.1 

90 

1 

3.5 

8 

5.5 

35 

4 to 15 

9 

X 

2-267 

Dual OP 160; Only Dual Transimpedance 

AD5539 

600 

0.1 

0.04 

12-1 

220 

2 

3 

13 

6 

15 

4.5 to 10 

14 


2-153 

Improved Replacement for Industry Standard 

AD846 

450 

0.03 

0.01 

110-0.01 

80 

-1 

0.075 

0.25 

2 

20 

5 to 18 

5 

X 

2-121 

Highest DC Precision High Speed Amplifier 

AD840 

400 

0.04 

0.025 

100-0.01 

40 

10 

0.3 

5 

4 

50 

5 to 18 

10.5 

X 

2-65 

Fast Settling Time; Gain >10 

AD842 

375 

0.035 

0.015 

100-0.01 

40 

2 

1 

5 

9 

100 

5 to 18 

13 


2-81 

High Current Output; Gain > 2 

AD841 

300 

0.02 

0.03 

110-0.01 

40 

1 

1 

5 

13 

50 

5 to 18 

11 


2-73 

Fast Settling Time and Unity Gain Stable 

AD847 

300 

0.2 

0.04 

120-0.1 

50 

1 

1 

5 

15 

20 

4.5 to 18 

5.3 

X 

2-133 

General Purpose, Low Power, Unity Gain 

AD827 

300 

0.2 

0.04 

120-0.1 

50 

1 

2 

7 

15 

20 

4.5 to 18 

10 

X 

2-45 

Dual AD847 

AD829 

300 

0.04 

0.02 

90-0.1 

50 

1 

0.5 

7 

2 

20 

4.5 to 18 

5 

X 

2-53 

Low Noise and High Speed 

AD848 

300 

0.08 

0.07 

100-0.1 

35 

5 

1 

5 

5 

20 

4.5 to 18 

5.1 

X 

2-145 

General Purpose, Low Power, Gain > 5 

AD849 

300 

0.04 

0.08 

80-0.1 

30 

25 

0.75 

5 

3 

20 

4.5 to 18 

5.1 


2-145 

General Purpose, Low Power Preamplifier 

AD843 

250 

0.025 

0.025 

135-0.01 

34 

1 

1 

0.001 

19 

50 

4.5 to 18 

12 


2-89 

High Performance, Replaces LH0032 

OP64 

170 

0.018 

0.045 

100-0.1 

16 

5 

1 

1 

8 

50 

5 to 18 

6.2 

X 

2-211 

Stable for Gains > 5 

AD845 

100 

0.025 

0.04 

350-0.01 

16 

1 

0.25 

0.001 

18 

25 

4.75 to 18 

10 


2-113 

General Purpose. Unity Gain Stable 
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Operational Amplifiers 


Audio Amplifiers 

Single Op Amps 



Voltage Noise 

SR 

GBW 

Supply 




(5) 1 kHz 

V/ps 

MHz 

Current 



Model 

nV/VHz typ 

typ 

typ 

mA max 

Vout Volts min 

Page Comments 

AD829 

2 

300 

750 

6.8 

±10, r l = 500 n 

2-53 Ideal High Gain, Low Noise Input Device 

AD846 

2 

450 

80 

6.5 

i+ 

© 

r 

II 

KM 

§ 

2-121 Current Feedback 

AD844 

2 

2000 

60 

7.5 

±10, r l = 500 ft 

2-101 Low Noise, Highest Slew Rate 

OP27 

3 

2.8 

8 

4.67 

±io, r l = 600 a 

2-169 Low Cost, Precision 

OP37 

3 

17 

63 

4.67 

±10, R l = 600 ft 

2-181 A vcl > 5, Low Cost 

OP61 

3.4 

40 

200 

8 

±11, r l = 500 a 

2-193 A vcl ^ 10 

SSM2134 

3.5 

13 

10 

6.5 

±12, R l = 600 a 

2-325 Improved 5532 

OP160 

5.5 

1300 

90 

8 

±11, R l = 500 ft 

2-225 Current Feedback 

OP64 

8 

170 

80 

8 

±10, r l = 200 a 

2-211 A vcl > 5, High Output Current 

SSM2131 

13 

50 

10 

6.5 

±11.5, r l = iooo a 

2-315 Ultralow Distortion 

AD711 

18 

20 

4 

2.8 

+ 13/— 12.5, R l = 2000 0 

2-5 Precision BiFET 

AD843 

19 

250 

34 

13 

±10, R l = 500 O 

2-89 Low Bias Current, Fast Settling 

AD845 

25 

100 

16 

12 

±12.5, R l = 500 0 

2-113 Low Bias Current, Faster Settling 

Dual Op Amps 







Voltage Noise 

SR 

GBW 

Supply 

Vout 



@ 1 kHz 

V/ps 

MHz 

Current 

Volts 


Model 

nV/\ Hz typ 

typ 

typ 

mA/Amp max min 

Page Comments 

SSM2139 

3.6 

ll 

30 

3.25 

±12, R l = 2000 O 

2-331 A vcl > 3 

OP275 

5 

20 

8 

2 

±13, R L = 600 O 

2-297 Ultralow Distortion 

OP260 

6 

1000 

90 

5.25 

±12, R l = 1000 O 

2-267 Current Feedback 

OP271 

7.6 

8.5 

5 

3.25 

±12, R l = 2000 O 

2-287 Precision 

OP249 

17 

22 

4.7 

3.5 

±12, R l = 2000 O 

2-249 Low Power, Low Distortion 

AD712 

18 

20 

4 

2.8 

+ 13 - 12.5, R l = 2000 O 2-17 Low Cost, Dual AD71 1 

Quad Op Amps 







Voltage Noise 

SR 

GBW 

Supply 

Vout 



@ 1kHz 

V/ps 

MHz 

Current 

Volts 


Model 

nV/Y Hz typ 

typ 

typ 

mA/Amp max min 

Page Comments 

OP471 

6.5 

8 

6.5 

2.75 

±12, R l = 2000 ft 

2-299 Precision 

AD713 

18 

20 

4 

3 

+ 13/- 12.5, R l = 2000 ft 2-29 Quad AD711 



Audio Analog-to-Digital Converters 



Res 

Converter 


SNR 

THD+N 

Input 

Input Range 

Supplies 

Power 



Model 

Bits 

Type 

Channels 

0 dB-dB typ 

% typ 

Architecture 

Volts 

Volts 

mW typ 

Pins 

Page 

AD1876 

16 

Sampling 

Single 

No Spec 

90 1 

Single-ended 

±3 V 

±5, ±12 

235 

16 

3-3 

AD1879 

18 

XA 

Dual 

103 

98 

Differential 

±3 V 

±5 

1100 

28 

3-17 

AD 1878 

16 

XA 

Dual 

98 

98 

Differential 

±3 V 

±5 

1100 

28 

3-15 

AD 1885 

16 

XA 

Dual 

85 

85 

Differential 

±3 V 

±5 

500 

28 

3-19 


'-0.05 dB Input, A- Weighted Filter 


Video Analog-to-Digital Converters 




Sample 

Input 

Power 




Res 

Rate 

Bandwidth 

Dissipation 



Model 

Bits 

(MSPS) 

MHz, -3 dB 

W 

Page 

Comments 

AD9048 

8 

35 

15 

0.55 

4-31 







4-31 







4-31 







4-31 


AD773 

10 

18 

100 

1.3 

4-3 

On-Board Track and Hold, Evaluation PCB 

AD9020 

10 

60 

175 

2.8 

4-19 

Evaluation PCB 






4-19 


AD9060 

10 

75 

175 

2.8 

4-39 

Evaluation PCB 






4-39 
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Audio Digital-to-Analog Converters 



Res 


SNR 

THD+N 

Supplies 

Power 



Model 

Bits 

Channels 

0 dB-dB typ 

% typ 

Volts 

mW typ 

Pins 

Page 

AD1851 

16 

Single 

110 

0.003 

±5 

100 

16 

5-13 

AD1856 

16 

Single 

No Spec 

0.002 

±5 to ±12 

110 

16 

5-3 

AD 1860 

18 

Single 

No Spec 

0.002 

±5 to ±12 

110 

16 

5-21 

AD1861 

18 

Single 

110 

0.003 

±5 

100 

16 

5-3 

AD 1862 

20 

Single 

119 

0.0012 

±5 to ±12 

288 

16 

5-33 

AD 1864 

18 

Dual 

108 

0.0017 

±5 to ±12 

225 

24/28 

5-43 

AD 1865 

18 

Dual 

110 

0.0017 

±5 

225 

24/28 

5-55 

AD 1866 

16 

Dual 

95 

0.005 

5 

45 

16 

5-65 

AD 1868 

18 

Dual 

97.5 

0.004 

5 

50 

16 

5-67 


Video Digital-to-Analog Converters 

RAM 



Clock Rate 

D/A Converter 

(Color Palette) 




Model 

MHZ 

Organization 

Size 

Overlays 

Page 

Comments 

ADV471 

35, 50, 66, 80 

Triple 6-Bit 

256 x 18 

15 x 18 

6-19 

ADV478 Pin-Compatible 

ADV476 

35, 40, 50, 66, 80, 100 

Triple 6-Bit 

256 x 18 


6-9 

Triple 6-Bit RAM-DAC 

ADV7141 

35, 50, 66 

Triple 6-Bit 

256 x 18 


6-49 

CEG - Effective 24-Bit True Color 

ADV7146 

35, 50, 66 

Triple 6-Bit 

256 x 18 


6-49 

CEG - Effective 24-Bit True Color 

ADV453 

40 

Triple 8-Bit 

256 x 24 

3 x 24 

6-3 

Triple 8-Bit RAM-DAC 

ADV478 

35, 50, 66, 80, 100 

Triple 8-Bit 

245 x 24 

15 x 24 

6-19 

Triple 8-Bit RAM-DAC 

ADV7148 

35, 50, 66 

Triple 8-Bit 

256 x 24 


6-49 

CEG - Effective 24-Bit True Color 

ADV7120 

35, 50, 80 

Triple 8-Bit 



6-31 

True Color DAC 

ADV7121 

35, 50, 80 

Triple 10-Bit 



6-37 

True Color DAC 

ADV7122 

35, 50, 80 

Triple 10-Bit 



6-37 

True Color DAC 
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Special Function Audio Products 


Audio Preamplifiers (All Values Typical) 




THD+N 

Slew 

Gain 

CMRR 




Input Voltage Noise 

%, G = 1000, 

Rate 

Bandwidth 

dB, G = 1000 



Model 

n V/VHz, G = 1000 

f = 1 kHz 

V/|AS 

MHz, G = 1000 

f = 60 Hz 

Page 

Comments 

SSM-2015 

1.3 

0.007 

8 

0.7 

100 

7-59 

Programmable Input Stage for Noise 
vs. Source Impedance Optimization 

SSM-2016 

0.8 

0.009 

10 

0.55 

100 

7-65 

±9 V to ±36 V Operation 

SSM-2017 

0.95 

0.012 

17 

1 

112 

7-73 

Only One External Component Required 


7-73 


Volume Control 

Voltage Controlled Amplifiers (All Values Typical) 




Audio 

THD+N 

Gain/Atten 

Gain 

Gain 




# 

Dynamic Range %, @ 1 kHz 

Range 

Bandwidth 

Core 



Model 

Channels 

dB 

G = 1 

dB 

MHz 

Class 

Page 

Comments 

SSM-2013 

1 

106 

0.004 

115 

0.8 

A 

7-51 

Includes Mute Function 

SSM-2014 


Discontinued 

- Specify Pin-Compatible Upgrade 

SSM-2018 




SSM-2018 

1 

117 1 

0.006 2 

140 

10 

A/AB 

7-81 

Programmable Gain Core Class 








7-81 


SSM-2024 

4 

82 

0.05 



A 

7-93 

Lowest Cost Per VC A 

SSM-2 120/2 

2 

100 

0.005 

140 

0.25 

A 

7-111 

SSM-2 120 Contains Two Level 








7-111 

Detection Side Chains On-Chip 

AD600 

2 

98 


40 

3980 

A 

7-5 

7 S 

32 dB/V Scale Factor 

AD602 

2 

108 


40 

1258 

A 

/-J 

7-5 

32 dB/V Scale Factor 








7-5 



LogDACs 


Model 

# 

Channels 

Step 

Resolution 

dB 

Attenuation 

Range 

dB 

Page 

Comments 

AD7111 

1 

0.375 

89.6 

7-9 

8-Bit Control Input 

AD7118 

1 

1.5 

88.5 

7-15 

6-Bit Control Input 


‘Class AB 

Trimmed, Class AB 
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Special Function Audio Products 


Dolby* Pro-Logic Decoders** (All Values Typical Unless Otherwise Noted) 



Audio 


Min Channel 

Min Channel 




Dynamic 

THD+N 

Separation 

Separation 




Range 

%, @ 1 kHz, 

dB 

dB 



Model 

dB 

0 dBd = 500 mV rms 

Cin to L, Rout 

All Other Channels 

Page 

Comments 

SSM-2125 

103 

0.02 

35 

25 

7-123 

Autobalance, Noise Sequencer On-Chip 

SSM-2126 

103 

0.02 

25 

25 

7-123 

Autobalance, Noise Sequencer On-Chip 


Audio Line Driver and Receivers (All Values Typical) 

Balanced Line Driver 



Audio 

Dynamic 

THD+N 

Output 

Slew 





Range 

%, @ 1 kHz 

CMRR 

Rate 




Model 

dB 

V IN = 10 V rms dB, f = 1 kHz V/ps 

Page 

Comments 

SSM-2142 

116 

0.006 

-45 

15 

7-139 

No External Components Required, Drives Difficult Loads 

Differential Line Receivers 







Audio 

Dynamic 

THD+N 


Slew 





Range 

%, @ 1 kHz, 

Input CMRR 

Rate 




Model 

dB 

10 V rms 

dB, f = 60 Hz 

V/ps Gain 

Page 

Comments 

SSM-2141 

126 

0.001 

100 

9.5 1 


7-133 

No External Components Required 

SSM-2143 

128 

0.0008 

90 

10 1/2 or 2 

7-145 

No External Components Required 
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Audio Switches (All Values Typical) 


Model 

# 

Switches 

Noise 

Voltage 

nWHz 

THD+N 

% 

@ 1kHz 

OFF 

Isolation 

dB 

20 Hz to 20 kHz 

Charge 

Injection 

pC 

Page 

Comments 

SSM-2402 

2 

1 

0.003 

120 

50 

7-167 

Handles +24 dBu Signals (20 V supplies) 

SSM-2404 

4 

0.8 

0.0009 

100 

35 

7-181 

Lowest Cost-Per-Switch 

SSM-2412 

2 

1 

0.003 

120 

150 

7-167 

Faster Version of SSM-2402 (t ON = 4 ms) 


Matched Transistors 


Comments 

Low Cost 
Low Cost 
Low Cost 

Other Special Function Audio Products 

Model Page Comments 

PKD-01 7-33 Monolithic Peak Detector 
SSM-2110 7-99 RMS-to-DC Converter 


Unity Gain Voltage 

Voltage Noise Max Ahfe Max Bandwidth Offset Max 


Model 

Type 

nV/VHz, f = 1 kHz 

HfeMin 

%, Ic = 1mA 

MHz, I c = 10 mA (typ) 

pV 

Page 

SSM-2210 

Dual NPN 

1 

300 

5 

200 

200 

7-147 

SSM-2220 

Dual PNP 

1 

80 

6 

180 

200 

7-159 

MAT-04 

Quad NPN 

2.5 

400 

2 

300 

200 

7-21 


*Dolby is a registered trademark of Dolby Laboratories Licensing Corporation, San Francisco, CA. 
**Available only to licensees of Dolby Laboratories 


I 

NJ 
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Special Function Video Products 


CRT Geometry Correction Selection Guide 





Peak Signal 

Power 




Bandwidth Slew 

Amplitude 

Supplies 



Model 

MHz 

Rate 

V P ,Ip 

Volts 

Page 

Comments 

AD539 

60 


±1 mA Out, ±2 V In 

±5 to ±15 

8-3 

2 CH, Current Output 

AD633 

1 

20 V/jxs 

±10 V 

±8.5 to ±15 

8-11 

Vout 

AD734 

10 

450 V/|xs 

±10 V 

±8.5 to ±15 

8-21 

Vout 

AD834 

500 


±4 mA Out, ± 1 V In 

±5 

8-33 

Current Output 

DAC8408 

1 

1 mA/ps 

± 1 mA Out, ±10 V In 

+5 

8-49 

4 CH, I oux , Parallel Data In 

DAC8800 

DC 


V ss toV DD -4V 

(V dd -V ss )<18 

8-63 

8 CH, 10 kH, R oux , Serial Data ! 

DAC8840 

1 

1.3 V/(jls 

±3 V 

V DD = +5, V ss = -5 

8-77 

8 CH, V oux , Serial Data In 

DAC8841 

1 

1.3 V/ps 

0 V to +3 V 

V DD = +5, V ss = -5 

8-87 

8 CH, V oux , Serial Data In 

Other Special Function Video Products 




Model 

Page 

Comments 





AD720 

8-19 

RGB to NTSC and PAL Converter 




AD9300 

8-41 

4x1 Video Multiplexer 
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Digital Signal Processing Products 


DSP Processor Key Feature Summary 



Instruction 


Internal 

Internal 

Internal 









Cycle 

Off-Chip 

Program 

Data 

Program 

Program 




Low 




Time 

Harvard 

Memory 

Memory 

Cache 

Memory 

Serial 

Programmable 

Ext 

Power 

Pin 


Model 

ns 

Arch 

RAM 

RAM 

Word 

Boot 

Ports 

Timer 

Interrupts 

Modes 

Count 

Page 

ADSP2100A 

80 

\ 



16 x 24 




4 


100 

9-13 

ADSP-2101 

60 


2K x 24 

IK x 16 


\ 

2 

\ 

3 

1 

68 

9-17 

ADSP-2105 

100 


IK x 24 

0.5K x 16 


\ 

1 

\ 

3 

1 

68 

9-23 

ADSP-2111 

60 


2K x 24 

IK x 16 


\ 

2 

\ 

3 

1 

100 

9-29 

32140-Bit Floating Point 













ADSP-21020 

40 

\ 



32 x 48 




4 

1 

223 

9-33 



Product Assurance 


PRODUCT ASSURANCE OVERVIEW 
Introduction 

Analog Devices has long been a leader in its innovations of ana- 
log integrated circuit design, processing, and testing. Of equal 
importance to innovation is its commitment to continuous 
improvement of quality, reliability and excellence in service. 
Achieving, and continuously striving to improve the quality and 
reliability have led to Analog’s success as a world-recognized, 
leading supplier of analog integrated circuits. 

Product Assurance Philosophy 

Product Assurance’s role within Analog Devices is many fac- 
eted. All of the traditional roles of Product Assurance are main- 
tained, including Military Programs management, QA/Reliability 
conformance inspections, specification control, auditing, failure 
analysis, corrective action, calibration systems, as well as many 
other functions. In addition, Analog’s Product Assurance 
departments maintain an active role in servicing internal opera- 
tional entities’ requirements as well as our customers’ needs. 

This is accomplished through various programs aimed at 
improving product quality, reliability and service. 

Continuous Improvement and Statistical Process Control 
Programs 

Fundamental to our beliefs about manufacturing success is that 
quality and reliability are not inspected into the process as was 
the historical methodology, but instead built into the process 
from the outset. In order to be successful at consistently provid- 
ing excellence in all areas, it is essential that the processes be 
measured, understood, and have controlled variance. Keeping 
this in mind, ADI has been aggressively pursuing statistical pro- 
cess control. 

ADI is engaged in continuous improvement as an integral por- 
tion of our cultural development. The overall intent of this pro- 
cess has been to create an environment in which each employee 
is trained and is empowered to change and to improve the pro- 
cess. Essential to this environment are the absence of fear and 
an active encouragement to take risks to improve. 

All manufacturing and related service personnel are trained in 
the concepts of problem solving and statistical process control 
(SPC) techniques. SPC training is also an orientation require- 
ment for all new employees. 

Quality improvement teams are continually being formed, as 
opportunities to improve and to implement change are identi- 
fied. These groups have addressed many issues and have had a 
dramatic effect on ADI’s manufacturing and administrative pro- 
cesses. These teams have typically crossed departmental and 
functional lines, as the effects of change or the type of problem 
could not be solved without cooperation and resultant expanded 
knowledge bases. 


PRODUCT RELIABILITY 
Reliability Assurance Programs 

Reliability assurance programs at Analog Devices are designed 
to encompass all aspects necessary to achieve and to improve 
product performance and lifetimes. We recognize that reliability 
cannot be tested or screened in if the aggressive goals set by 
both our customers as well as ourselves are to be met. 

The major areas of focus within Analog Devices include: 

Design For Manufacturability (Design for Success). Product 
and process designs focus on achieving product performance and 
“building-in reliability.” Causes for degraded reliability perfor- 
mance must be well understood and controlled. Reliability 
design rules, updated frequently as experience grows and the 
industry matures, are essential to improving product performance. 

Process Capability. A new or an established process must not 
only be capable of meeting specification limits but must also 
exhibit a sufficient safety margin to ensure continued perfor- 
mance over the product life. 

Manufacturing Process Control. Of utmost importance is the 
control of the manufacturing environment under which product 
is fabricated, assembled, tested or stored. Temperature, humid- 
ity, particulate, ionic contamination and equipment interactions 
must be well understood and controlled. 

Process Monitoring. 100% inspections or sampling points of 
key parameters with appropriate controls on output are utilized 
throughout the manufacturing process. These include the fol- 
lowing as listed in order of timeliness of information feedback: 

In-line or in-situ measurements utilizing SPC. 

Process step specific. 

Wafer ship measurements. 

Wafer level testing; i.e., sort, wafer level stress testing. 

Die visual quality. 

Final electrical testing after assembly. 

Reliability stress testing of customer-ready finished goods. 
Customer feedback. 

Program Goal 

Our goal is to provide our customers with the highest level of 
reliability performance obtainable. It is a program which is, by 
its nature at Analog Devices, an integral part of all new prod- 
ucts and process introductions, as well as all changes made 
within the products, processes or facilities for which it measures. 

Reliability Qualification Program 

Analog Devices maintains a reliability qualification program that 
includes extensive use of accelerated stress testing. The pro- 
gram’s intent is not only to meet the requirements of the mili- 
tary programs but also to provide products in plastic which, at 
minimum, meet or exceed world-class standards of excellence. 
All new processes and facilities are qualified. Any changes to 
existing qualified processes are also qualified as appropriate (see 
Process Change Notification section). 
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Reliability Monitor/Audit Program 

Periodic monitoring of all fabrication and assembly locations is 
performed. The monitoring program uses highly accelerated 
stress testing in order to monitor our various processes. The 
program is geared to fabrication process and packaging families. 

Process Change Notification System 

Analog Devices has a standard procedure and criteria for classi- 
fying and controlling changes to our processes, packages, mate- 
rials, facilities and manufacturing techniques. This system 
includes technical reviews of proposed changes, qualification 
plans including all considerations of MIL-M-38510, customer 
specification, as well as ADI’s internal qualification require- 
ments. Included in this program is a system to notify customers 
of the proposed changes in a timely fashion. 

Reliability Definitions and Theory 

Reliability The probability that a device or system will perform 
a required function satisfactorily or without failure (within speci- 
fication limits) under stated conditions for a stated period of 
time. Reliability is described as a mathematical expression of 
probability. 

Hazard Rate The instantaneous rate of failure for units of the 
population that have survived to a given time. 

Failure Usually involves the degradation in performance to 
specified parameters which are typically electrically measurable. 

Semiconductor failure patterns follow that of long-life devices 
and are typically described by the so-called “Bathtub Curve,” 
named for its shape, as shown in Figure 1 . There are three dis- 
tinct regions on this curve: Early Life, Constant Failure Rate 
Life, and Wear-Out. 

EARLY LIFE WEAR-OUT 

"CONSTANT" FAILURE RATE LIFE 

TIME - t 

Figure 1. Semiconductor Failure Rate "Bathtub Curve" 

Early Life Sometimes called infant mortality, early or initial 
failure time. This region may exhibit a high initial failure rate 
compared to the remaining population, typically because of 
defects from the manufacturing or assembly process. To a user 
the failures can also exhibit themselves due to debugging or mis- 
use. Refer to Table I. Early failure rate reduction programs are 
in place throughout Analog Devices. 


Table I. Early Life Failure Mechanisms (Infant Mortality) 


Failure Mechanism 

Defect 

Stress Factors 

Oxide ruptures 

Thin or defective 

System electrical 


oxide (masking 

noise/transients. 


and oxidation) 

System power 
interruptions. 
Inductive loading. 

Open wire bonds 

Assembly defects 

Ultrasonic expo- 
sure during 
printed circuit 
board assembly. 
Excessive burn-in 
temperatures. 

Lifted die bonds 

Assembly defects 

Excessive burn-in 
temperatures. 

Fused die 


System electrical 

metallization 


noise/transients. 
System power 
interruptions. 
Inductive loading. 

Shorts 

Inadequate spacing 
between adjacent 
traces. 


Opens 

Inadequate trace 
width (masking 
and evaporation) 


Corrosion of wire 

Seal leaks 

Handling damage. 

bonds and/or die 

(defective 

Excessive solder 

metallization 

encapsulation); 

heat during printed 


poor lead frame/plastic circuit board 


adhesion at 

assembly. Ionic 


interface 

contamination. 


Constant Failure Rate Region Also called the intrinsic or acci- 
dental failure time and is considered the useful life region of the 
product. This region is a mixture of any of the remaining manu- 
facturing defects which require longer times to fail as well as the 
failures from the main distribution of the product. 

Wear-out Region Alternately referred to as the degradation 
period. The failure rate continuously increases with time. Under 
typical use conditions, silicon semiconductor devices will never 
approach this region relative to system life expectancies (see 
Table II). 


FAILURE 

RATE 
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Table II. Wearout Failure Mechanisms 


Failure Mechanism 

Defect Observed 

Contributing Factors 

Electromigration 

Voids, open 
circuits, hillock 
or metal 
accumulation. 

Grain boundary 
diffusion. Grain 
size and distribution. 
Fiber texture. 

Slow Trapping 
charge injection 

Electrical 

degradation 

Structural defects 
related to the 
oxidation process. 
Metallic impurities. 
Bond breaking 
processes. 

Charge 

Accumulation 
mobile ions 

Electrical 

degradation 

Alkali ions— sodium, 
potassium and 
lithium in the oxide. 
Other negative ions / 
heavy metals. 

Intermetallic 

Growth in 

Al-Au wire 
bonds 

Highly resistive 
bonds. Open 
circuit at bond. 
Bond lift failures. 

Kirkendahl Voiding. 
Diffusion of A1 into 
Au. 

Wire and Wire 

Bond Failures 
during thermal 
cycling 

Open/intermittent 

circuits. 

Short circuits. 

A fatigue mechanism. 
Thermal mismatch. 
Stress induced wire 
creep. Intermetallics. 
Wire Length not 
optimized 

Too taut— breakage 
Too long —sag. 


Life Distributions 

Time-to-failure data is analyzed in order to predict the future 

reliability of the product. Four life distributions are typically 

used in the analysis of silicon semiconductor reliability. 

1. Normal Distribution Function— Describe the wear-out region 
where there exists a monotonically increasing failure rate with 
respect to time. 

2. Lognormal Distribution Function— The natural logarithm of 
the failure time is distributed normally. Extensive use of this 
distribution occurs, as it can be used to fit many different 
kinds of data. 

3. Weibull Distribution Function— In this case the hazard rate 
varies as a power of device age. The failure-rate curve does 
not start at zero as is the case of the lognormal distribution. 

4. Exponential Distribution Function— This distribution is used 
when the failure rate is constant. Failures occur randomly 
and are characteristic of the constant failure rate region of the 
“Bathtub Curve.” 


Accelerated Life Stress Testing 

It is possible to evaluate the early life reliability levels from 
short-term burn-ins, customer system burn-ins, and early failure 
rates in the field. It is not practical, however, to evaluate the 
useful life or wear-out failure rates from these same sources. 

The amount of time necessary to obtain statistically significant 
data far exceeds the useful life of most systems. Obtaining data 
about the life of a semiconductor beyond the infant stage 
requires a higher than normal stress level to be applied to the 
device. In practice, a sample of devices of sufficient quantity to 
statistically represent the population is subjected to stress levels 
from various types of environmental stimuli to evaluate these 
failure levels and mechanisms. This type of testing is known as 
accelerated stress testing. 

The time and temperature dependences of most semiconductor 
failure mechanisms over the life of a product have been studied 
and quantified. The established relationship between time, 
temperature, and particular failure mechanisms has been 
demonstrated to be a log-normal function capable of being rep- 
resented by the “Arrhenius” model that includes the effects of 
temperature and activation energy of the failure mechanisms. 

It is possible, by using the model, to characterize failure modes 
from accelerated stress testing, and then to predict reliability 
levels at normal, nonaccelerated conditions. 

As applied to accelerated life testing of semiconductors, the 
Arrhenius model assumes that the degradation of a performance 
parameter is linear with respect to time, with the mean time 
between failures (MTBF) as a function of the temperature 
stress. The temperature dependence is taken to be the exponen- 
tial function that defines the probability of occurrence, resulting 
in the following formula for defining the lifetime or MTBF at a 
given temperature stress level: 

tl = t 2 exptE^kCl/T, - 1/T 2 )] 

where: 

t x = MTBF at junction temperature Tj 

t 2 = MFBF at junction temperature T 2 

T x = junction temperature in °K 

E a = thermal activation energy in electron volts (eV) 

k = Boltzman’s constant (8.617 x 10 -5 eV/°K 

The activation energy in this formula is the mean E a for all of 
the failure mechanisms of the particular product line for which 
the calculation is being done. These activation energies are 
established by the examination of failures from stress testing. 

See Table III. 
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Table III. Time-Dependent Failure Mechanisms in Silicon Semiconductor Devices 


Device 

Failure 

Relevant 

Acceleration 

Acceleration 

Association 

Mechanism 

Factors 

Factors 

(E a eV = Apparent Activation Energy) 

Silicon Oxide 

Surface Charge 

Mobile ions 

T 

E a = 1.0 - 1.5 eV 

and 

Accumulation 

V, T 


depends on ion density 

Silicon-Silicon 

Oxide Interface 

Dielectric Breakdown 

EF, T 

EF, T 

E a = 0.2 - 1.0 eV, EF, (T) = 1 - 4.4 


Charge Injection 

EF, T, Q f 

EF, T 

E a = 1.3 eV (slow trapping) 

E a = - 1 eV (hot electron ejection) 

Metallization 

Electromigration 

T, J, A, Gradients of 

T, J 

E a = 0.5 - 1.2 eV 



T and J, Grain Size 


J, (T) = 1-4 


Corrosion 

Contamination 

H, V, T 

Strong H effect 


(chemical, galvanic, 

H, V, T 


E a = 0.3 - 1.1 eV (for electrolysis) 


electrolytic) 

Contact Degradation 

T, Metals, Impurities 

Varied 

V may have thresholds 

Bonds and Other 

Intermetallic Growth 

T, Impurities, 

T 

A1 - Au: E a = 1.0 - 1.05 eV 

Mechanical Interfaces 

Fatigue 

Bond Strength 

Bond Strength, 

Temperature 




Temperature Cycling 

extremes in 





cycling 


Hermeticity 

Seal Leaks 

Pressure Differential, 
Atmosphere 

Pressure 



NOTE 

V-voltage, T-temperature; EF-electric field; J-current density; A-area; H-humidity; Q, -charge 

*D. S. Peck, “Practical Applications of Accelerated Testing— Introduction,” Reliability Physics, 13th Annual Proceedings, 1975, pp. 253—254. 


Reliability Testing 

Standards Conformance. Test methods to confirm the reliabil- 
ity of Analog Devices product are detailed below, and are deter- 
mined primarily through conformance to the various industry 
standards. These include MIL-STD, JEDEC, IEC, JIS, and 
EIAJ. 

1. MIL-STD - U.S. Military Standards: 

MIL- STD-750 Test Methods for Semiconductor Devices 
MIL- STD-202 Test Methods for Electronics and Electrical 
Component 

MIL-STD-883 Test Methods and Procedures for Microelec- 
tronics 

2. JEDEC 

3. JIS - Japanese Industrial Standards: 

JIS-C-7022 Environmental Testing Methods and Endurance 
Testing Methods for Semiconductor Integrated Circuits. 

4. IEC Standard: 

Publication 68 Basic Environmental Testing Procedures. 

5. EIAJ Standard: 

IC-121 Test Methods for Reliability of Integrated Circuits. 


Methods 

High Temperature Operating Life Test (HTOL). The operat- 
ing life test demonstrates the quality or reliability of devices 
subjected to the specified conditions Over an extended time 
period. HTOL stressing applies a static DC bias at an elevated 
ambient temperature. This bias is maintained throughout the 
duration of the test as well as during cool-down from elevated 
temperature after stress. HTOL testing is particularly useful 
because it provides a means of accelerated time-to-failure of tem- 
perature sensitive failure mechanisms. 

High Temperature Storage Life Test (HTSL). High tempera- 
ture storage life testing is performed in order to demonstrate the 
quality or reliability of devices subjected to elevated temperature 
storage conditions without electrical bias. 

Thermal Shock (TMSK). Thermal shock testing demonstrates 
the quality or reliability of devices exposed to extreme changes 
in temperature, especially to alternating extremes. The change 
in temperature is quite rapid as the heat transfer is by conduc- 
tion and the transfer time from one temperature extreme to 
another in minimal (< 10 sec.). Thermal shock testing induces 
mechanical stresses caused by thermal expansion and contrac- 
tion. These stresses can be extreme, especially in plastic molded 
devices where large differences in the thermal coefficients of 
expansion between the die, leadframe and plastic material can 
exist. This is especially critical for large dies where the stress 
can be too severe and will induce failures that would not be 
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expected in a real application. As a result of the permanent 
changes in electrical and mechanical characteristics and/or physi- 
cal damage that may result from thermal shock, any tests in 
which the duration is greater than ten cycles shall be considered 
destructive. 

Temperature Cycle (TMCL). Temperature cycle testing is 
performed to demonstrate the quality or reliability of devices 
exposed to the extremes of high and low temperatures, and 
especially to alternating extremes. TMCL testing more closely 
relates to actual use conditions as the temperature change of the 
device is due to convection and, therefore, is at a slower rate 
than thermal shock. This slower rate of change will more closely 
simulate such use conditions as the transfer to or from heated 
storage in cold climates, or where ambient temperature is 
relatively mild but heats up greatly as the system is operating. 
This is a very good test to measure the overall die-to-package 
compatibility. 

Temperature and Humidity Life (THB). Temperature and 
humidity life testing demonstrates the quality or reliability of 
devices exposed to the combination of high temperature and 
high humidity, with an applied voltage bias. Maximum bias 
voltage levels are desired as this bias accelerates any electrolysis 
of the device metalization as well as increasing ion mobility. At 
the same time, device power dissipation is desired to be mini- 
mized as any localized heating at die level will tend to lower the 
humidity level at the die surface and lessen the electrolysis 
potential. In certain cases, power cycling must be used in order 
to permit moisture accumulation on die surface during the 
“power-off’ periods. 

Autoclave/Pressure Pot (PTH). Autoclave testing evaluates the 
quality and reliability of devices exposed to a saturated humidity 
and high temperature environment under pressure. This test is 
performed without bias, and therefore, once equilibrium is 
reached, the die temperature and relative humidity will be the 
same as the external environment. PTH conditions, although 
not typical of actual operating environments, are very effective 
at evaluating the moisture resistance of a device/package combi- 
nation in a relatively short period of time. 

Biased Pressure Pot (HAST). Biased pressure pot testing eval- 
uates the quality and reliability of devices under bias subjected 
to a humid, high temperature environment under pressure. This 
test can be considered an acceleration of the THB test due to 
the elevated temperature and steam environment which is under 
pressure. Biasing guidelines are the same as for THB testing, 
with an additional consideration: because of the elevated temper- 
ature, certain high power devices will dissipate sufficient power 
to elevate the die temperature above the glassivation temperature 
of the plastic molding compound. This could occur even though 
power cycling techniques are employed. This condition is not 
desired as abnormal conditions not related to real operating con- 
ditions could exist, resulting in anomalous failure mechanisms. 

Resistance to Solder Heat (RTSH). Resistance to solder heat 
evaluates the ability of a product/package to withstand the 
worst-case heat cycles that could be encountered during normal 
printed circuit board assembly. 


QUALITY ASSURANCE 
Vendor Assurance Programs 

Analog maintains an active program with its vendors to ensure 
that the highest standards of quality are met. The program 
focuses on many key areas including vendor qualification and 
certifications, periodic vendor audits, rigorous incoming inspec- 
tion of fit, form, and function, as well as tracking the vendor 
performance over time. 

Analog Devices has established minimum standards of perfor- 
mance for our vendors, who are audited for compliance to mini- 
mum standards. We then rate each vendor on the quality and 
delivery of incoming material. It is through this program that 
we can assess and then purchase material based upon cost-of- 
ownership. This contrasts to buying strictly on purchase price, 
as the purchase price alone does not completely reflect the total 
cost. Another benefit of our vendor quality program is that we 
have the necessary information to work in partnership with our 
vendors to continuously evaluate and improve the quality of 
incoming product. 

Incoming Quality Assurance (IQA) 

Analog Devices’ IQA organization performs detailed inspections 
of vendor quality performance. Conformance to specification is 
directly measured to ensure compliance with the specified 
requirements. When a failure to meet the requirements is dis- 
covered, a corrective action from the vendor is required. Exten- 
sive follow-up is done to ensure future and continued 
compliance. 

Vendor Audits 

Analog Devices performs periodic audits of all of its 
manufacturing-related vendors. ADI performs these audits to 
assess compliance to MIL-Q-9858 and MIL-I-45208. Corrective 
action requests are issued with deadlines for compliance appro- 
priate to the noncompliance. These audits are also used to dis- 
cuss both open and closed quality, reliability, and service issues. 
Through this extensive interaction, ADI has been able to contin- 
uously improve the quality and reliability of incoming materials. 

QUALITY CONTROL SYSTEMS 
Corrective Action 

An active, internal, closed loop-corrective action system has 
been utilized for many years both to communicate deficiencies 
as well as to provide traceability of corrective actions. This sys- 
tem has been a key element of process audits and customer 
return issues. The program has been very effective in correcting 
deficiencies in a timely manner. 

Traceability and Record Retention 

Traceability after shipment is maintained through actual mark- 
ing of devices with lot identifiers. This information will provide 
traceability through assembly and wafer fabrication for all 
devices. This traceability allows for very good control of prod- 
ucts as well as for direct correlation of products to time of pro- 
cess, machines, processes, and other pertinent related items. 
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Control of Nonconforming Material 

Whenever nonconforming material is found, it is put under con- 
trol for disposition. This holding of material is done at all stages 
in the process from incoming inspection through all inventory 
locations. Response to hold requests, whenever necessary, is 
quick and complete. 

Process Audits - Fab, Assembly, and Test 

In addition to auditing our venders, ADI has an ongoing inter- 
nal process auditing group. This group audits all of Analog’s 
manufacturing areas to ensure compliance to specification. In 
addition, selected service areas are audited where appropriate. 
Dedicated process auditors perform verifications in wafer fabri- 
cation, assembly and test. All types of critiques are used to 
review compliance, and the results are reviewed with appropri- 
ate supervisors and managers. The criticality of all deficient 
items is assessed and appropriate action is taken. Periodic 
reports are also issued to all levels of management. 

Quality Conformance Inspections (QCI) 

In-process QCI is employed throughout the manufacturing pro- 
cess to verify compliance to specification. All QCI is performed 
to specification and results are tracked and reported as appropri- 
ate. The QCI inspections include both very traditional and inno- 
vative methods to measure and to control product conformance. 
These inspections provide very valuable information about the 
processes they measure. Analog Devices uses these inspections 
and the results obtained to enhance, where appropriate, our sta- 
tistical process control program. 

Average Outgoing Quality (AOQL) 

At the end of manufacturing processing, just prior to moving 
product into finished goods inventory, product is sampled for 
electrical, visual/mechanical and hermeticity to determine com- 
pliance to the requirements. The sampling and results include 
all products released to production and, therefore, include all 
new products and packages. These performance levels are 
tracked in very precise detail. Results of this inspection deter- 
mine ADI’s reported AOQ. 

Added to this very extensive sampling program are quality 
improvement teams to address the findings. These teams meet 
on an ongoing basis to review the results, to determine root 
causes and to correct the processes as appropriate. 

CUSTOMER SERVICE 
Regional Customer Service Centers 

Responsiveness to customer problems is a key factor in main- 
taining a leadership position in today’s semiconductor market- 
place. In order to improve support to Analog Devices’ customers, 
five Regional Customer Service Centers have been established 
worldwide. These locations are strategically located within direct 
reach of our customers without having time zone logistics issues. 
Two centers are established in Asia (Japan/Taiwan), two are in 
the USA (Boston, MA/Santa Clara, CA), and one is in Europe 
(Ireland). These centers will provide Engineering Support to 
customers in the areas of failure analysis, problem resolution 
and reliability information. 


The goals established for the Regional Customer Service Centers 
include the following: 

• Assume regional failure analysis responsibility for all ADI 
monolithic products. 

• Provide rapid response to customer perceived problems 
through correlation, failure analysis results and failure analysis. 

• Minimize the impact of a field performance problem by 
immediate, on-site interaction with the customer. 

• Provide to ADI a “voice of the customer” for field perfor- 
mance information. 

• Improve customer satisfaction and become a competitive tool 
for ADI. 

• Maintain the technical expertise required to meet customer 
and factory needs. 

• Provide a single point of contact for all quality and failure 
analysis issues. 

Customer Returns 

The customer returns processing area, as well as evaluations of 
returned material, is administered by the Quality Assurance 
Engineering organization. QA Engineering receives the returned 
material, and also controls it until disposition. All customer 
returns are reviewed, verified, and/or failure analyzed as appro- 
priate. Formal reports of findings are issued and appropriate 
actions are taken. 

Periodic reports are issued to all levels of management and engi- 
neering. The reports provide details of any returned material as 
well as trend information to highlight appropriate areas for 
action. 

The extensive evaluations of customer returns have, over time, 
been one of the more valuable feedbacks from the customer to 
ADI’s internal systems. By directly working with both ADI’s 
engineering and the customer, Analog has been able to supply 
its customers with the highest level of quality. Consistent pro- 
cessing and delivery of quality product that meets the custom- 
er’s expectations are direct results of close working relationships. 

Failure Analysis 

Analog maintains a full service analytical laboratory staffed with 
professional engineers and technicians who analyze failures. The 
purpose of the laboratory is to provide, through detailed analy- 
sis, timely and effective feedback to customers on the quality 
and reliability of Analog’s product. The analysis will involve the 
identification of the failure modes and mechanisms and probable 
failure causes. A complete written report is then supplied to the 
customer describing in detail the exact steps taken during the 
analysis and any conclusions drawn from the analysis. Where 
necessary, corrective actions are initiated based on the results 
and conclusions of the analysis. Thus, the results of analysis 
performed are fed back into the manufacturing process to con- 
tinually improve the quality and reliability of Analog’s product. 

A flow of how Analog handles customer failure analysis is shown 
in Figure 2. Figure 3 shows a failure analysis approach diagram 
and Figure 4 shows a generalized failure analysis flow diagram. 
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flow of how Analog handles customer failure analysis is shown 
Figure 2. Figure 3 shows a failure analysis approach diagram 
and Figure 4 shows a generalized failure analysis flow diagram. 



Figure 2. Failure Handling Procedure 



Figure 3. Failure Analysis Approach Flow Diagram 
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Figure 4. Generalized Failure Analysis Flow 
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Table IV. Failure Modes 


Failure Mode 

Definition 

Effect on Device or IC 

1. Internal Short 

Short Circuit between Metallized Leads or Across 
Junction. 

Short Circuit or Circuit Malfunction. 

2. Internal Open 

Open Circuit in the Metallization or Wire Bond 

Open Circuit 

3. Parametric Variation 

Variation in Gain or Other Electrical Parameter 

Marginal Performance, Temperature Sensitivity, 
or No Effect 

4. Junction Leakage 

Leakage Current Across P-N Junctions. 

Effects Range from None to Malfunctions. 

5. Threshold Shift 

Shift in Turn-on Voltage. 

Random Logic Malfunction 

6. Seal Integrity 

Ingress of Ambient Air, Moisture and/or Contaminants. 

Effects Range from Degradation to Complete 
Malfunction. 


Following are definitions used in ADI failure analysis: 

Failure mode — the characteristic of a device for which the 
device has been characterized a failure, i.e., deviation from a 
specification or desired performance. A summary of failure 
modes is given in Table IV. 

Failure mechanism — a physical process which leads to failure. 
The “physics of failure.” 

Ionic contamination — ionic species in the passivation layers can 
cause permanent or temporary threshold voltage shifts of the 
silicon surface below. This may cause leakage (channeling) 
between device elements resulting in nonfunctionality. 

Electromigration — at high current densities atoms of the con- 
ductor material are swept along due to the momentum of the 
electron “wind.” This creates a depletion of conductor material 
upwind and an accumulation downwind. Electromigration can 
cause open circuits or short circuits between closely spaced con- 
ductor lines. 

Intermetallics — in the microdimensions of integrated circuits, 
the interactions between dissimilar metals cannot be ignored. 
These intermetallics can have radically different physical, chemi- 
cal and electrical properties from those of the individual ele- 
ments or compounds. 

Radiation — the ionizing effects of radiation can generate 
electron-hole pairs. Recombination of these electron-hole pairs 
can result in latch-up, shorting paths, pin junction breakdown 
and excessive leakage. Robustness to these radiation effects is 
particularly important for semiconductors intended for space or 
military applications. 

Mechanical — thermal cycling or power cycling can lead to 
device failure due to the differences in the coefficients of ther- 
mal expansion of the materials used in semiconductor manufac- 
ture. Coefficients of thermal expansion can range from 2 to over 
40 ppm/°C. Fatigue of bond wires can occur during ultrasonic 
cleaning due to a high cycle fatigue mechanism. This happens in 
hermetic packages that are ultrasonically cleaned in a tank 
whose resonant frequency matches those of the bond wires. 


Electrostatic discharge (ESD) and electrical overstress (EOS) — 
these are probably two of the most frequently identified failure 
mechanisms. ESD, created by the exchange of charge between 
two dissimilar materials, can cause pin junction damage as well 
as rupture of dielectrics. Although it generally has a short pulse 
width, the voltage and current transients generated can be 
extremely large. EOS is characterized by excessive voltages or 
currents that tend to be sustained for a much longer period than 
ESD pulses. It will cause conductor or wire bond burn-out as 
well as pin junction damage. 

Corrosion — package environment, package moisture content, 
glassivation/passivation integrity, presence of ionic species and 
electrical bias conditions can all contribute to corrosion. Corro- 
sion occurs when two or more electrodes are present in an elec- 
trolyte (typically moisture) along with some ionic species 
(contamination). 

Figure 5 shows a summary of identified failure mechanisms 
from 1983 to 1990. 



Figure 5. Identified Failure Mechanisms (1983-1990) 
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Video Amplifiers 


Model 

SR 

V/jJLS 

typ 

AP 

deg 

typ 

AG 

% 

typ 

Settling 
Time 
ns to % 

typ 

BW at 
Art Min 
MHz 

typ 

Aci 

V/V 

min 

V os 

mV 

max 

Input 
Bias 
Current 
fjiA max 

Voltage 
Noise 
nV/VHz 
@ 10 kHz 

loUT 

mA 

min 

Supply 

Range 

±Volts 

Supply 

Current 

mA 

typ 

Spice 

Model 

Avail. 

Page 

Comments 

AD811 

2500 

0.01 

0.01 

65-0.01 

120 

1 

3 

10 

2 

100 

4.5 to 18 

16.5 

X 

2-41 

Best Video Specifications Flatness = 0.1 dB 

AD844 

2000 

0.025 

0.008 

100-0.1 

60 

-1 

0.15 

0.25 

2 

20 

4.5 to 18 

6.5 


2-101 

to 35 MHz 

Constant 10 ns Rise Time for Any Pulse 

OP 160 

1300 

0.04 

0.04 

75-0.1 

90 

1 

5 

20 

5.5 

35 

4 to 15 

6.5 

X 

2-225 

Disable Mode for Low Power Applications 

OP260 

1000 

0.067 

0.02 

250-0.1 

90 

1 

3.5 

8 

5.5 

35 

4 to 15 

9 

X 

2-267 

Dual OP 160; Only Dual Transimpedance 

AD5539 

600 

0.1 

0.04 

12-1 

220 

2 

3 

13 

6 

15 

4.5 to 10 

14 


2-153 

Improved Replacement for Industry Standard 

AD846 

450 

0.03 

0.01 

110-0.01 

80 

-1 

0.075 

0.25 

2 

20 

5 to 18 

5 

X 

2-121 

Highest DC Precision High Speed Amplifier 

AD840 

400 

0.04 

0.025 

100-0.01 

40 

10 

0.3 

5 

4 

50 

5 to 18 

10.5 

X 

2-65 

Fast Settling Time; Gain > 10 

AD842 

375 

0.035 

0.015 

100-0.01 

40 

2 

1 

5 

9 

100 

5 to 18 

13 


2-81 

High Current Output; Gain > 2 

AD841 

300 

0.02 

0.03 

110-0.01 

40 

1 

1 

5 

13 

50 

5 to 18 

11 


2-73 

Fast Settling Time and Unity Gain Stable 

AD847 

300 

0.2 

0.04 

12(H). 1 

50 

1 

1 

5 

15 

20 

4.5 to 18 

5.3 

X 

2-133 

General Purpose. Low Power, Unity Gain 

AD827 

300 

0.2 

0.04 

120-0.1 

50 

1 

2 

7 

15 

20 

4.5 to 18 

10 

X 

2-45 

Dual AD847 

AD829 

300 

0.04 

0.02 

90-0.1 

50 

1 

0.5 

7 

2 

20 

4.5 to 18 

5 

X 

2-53 

Low Noise and High Speed 

AD848 

300 

0.08 

0.07 

100-0.1 

35 

5 

1 

5 

5 

20 

4.5 to 18 

5.1 

X 

2-145 

General Purpose, Low Power, Gain > 5 

AD849 

300 

0.04 

0.08 

80-0.1 

30 

25 

0.75 

5 

3 

20 

4.5 to 18 

5.1 


2-145 

General Purpose, Low Power Preamplifier 

AD843 

250 

0.025 

0.025 

135-0.01 

34 

1 

1 

0.001 

19 

50 

4.5 to 18 

12 


2-89 

High Performance, Replaces LH0032 

OP64 

170 

0.018 

0.045 

100-0.1 

16 

5 

1 

1 

8 

50 

5 to 18 

6.2 

X 

2-211 

Stable for Gains > 5 

AD845 

100 

0.025 

0.04 

350-0.01 

16 

1 

0.25 

0.001 

18 

25 

4.75 to 18 

10 


2-113 

General Purpose. Unity Gain Stable 
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Audio Amplifiers 

Single Op Amps 



Voltage Noise 

SR 

GBW 

Supply 




@ 1 kHz 

V/pS 

MHz 

Current 



Model 

nV/VHz typ 

typ 

typ 

mA max 

Vqijt Volts min 

Page Comments 

AD829 

2 

300 

750 

6.8 

±10 , r l = 500 a 

2-53 Ideal High Gain, Low Noise Input Device 

AD846 

2 

450 

80 

6.5 

±10, R, = 500 a 

2-121 Current Feedback 

AD844 

2 

2000 

60 

7.5 

±10, Rj = 500 a 

2-101 Low Noise, Highest Slew Rate 

OP27 

3 

2.8 

8 

4.67 

±io, r l = 600 a 

2-169 Low Cost, Precision 

OP37 

3 

17 

63 

4.67 

±io, r l = 6oo a 

2-181 A vcl > 5, Low Cost 

OP61 

3.4 

40 

200 

8 

±n, r l = 500 a 

2-193 A vcl > 10 

SSM2134 

3.5 

13 

10 

6.5 

±12, Rj = 600 a 

2-325 Improved 5532 

OP160 

5.5 

1300 

90 

8 

±11 , r l = 500 a 

2-225 Current Feedback 

OP64 

8 

170 

80 

8 

±io, r l = 200 a 

2-211 A vcl > 5, High Output Current 

SSM2131 

13 

50 

10 

6.5 

±11.5 , r l = iooo a 

2-315 Ultralow Distortion 

AD711 

18 

20 

4 

2.8 

+ 13/- 12.5, R l = 2000 a 

2-5 Precision BiFET 

AD843 

19 

250 

34 

13 

±10 , r l = 500 a 

2-89 Low Bias Current, Fast Settling 

AD845 

25 

100 

16 

12 

±12.5, R l = 500 a 

2-113 Low Bias Current, Faster Settling 

Dual Op Amps 







Voltage Noise 

SR 

GBW 

Supply 

VoUT 



@ 1 kHz 

V/ps 

MHz 

Current 

Volts 


Model 

nV/VHz typ 

typ 

typ 

mA/Amp max min 

Page Comments 

SSM2139 

3.6 

n 

30 

3.25 

±12, R l = 2000 a 

2-331 A vcl > 3 

OP275 

5 

20 

8 

2 

±13, R l = 600 a 

2-297 Ultralow Distortion 

OP260 

6 

1000 

90 

5.25 

±12, r l = iooo a 

2-267 Current Feedback 

OP271 

7.6 

8.5 

5 

3.25 

±12, R l = 2000 a 

2-287 Precision 

OP249 

17 

22 

4.7 

3.5 

±12, R l = 2000 a 

2-249 Low Power, Low Distortion 

AD712 

18 

20 

4 

2.8 

+ 13 -12.5, R l = 2000 a 2-17 Low Cost, Dual AD711 

Quad Op Amps 







Voltage Noise 

SR 

GBW 

Supply 

VoUT 



@ 1kHz 

V/ps 

MHz 

Current 

Volts 


Model 

nV/VHz typ 

typ 

typ 

mA/Amp max min 

Page Comments 

OP471 

6.5 

8 

6.5 

2.75 

±12, R l = 2000 a 

2-299 Precision 

AD713 

18 

20 

4 

3 

+ 13/- 12.5, R l = 2000 a 2-29 Quad AD71 1 


ro 
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ANALOG 

DEVICES 


Precision, Low Cost, 
High Speed BiFET Op Amp 


AD711 


FEATURES 

Enhanced Replacement for LF41 1 and TL081 
AC PERFORMANCE: 

Settles to ±0.01% in Ijjls 
16V/ps min Slew Rate (AD711J) 

3MHz min Unity Gain Bandwidth (AD711J) 

DC PERFORMANCE: 

0.25mV max Offset Voltage: (AD711C) 

3p.V/°C max Drift: (AD711C) 

200V/mV min Open-Loop Gain (AD711K) 

4pV p-p max Noise, 0.1Hz to 10Hz (AD711C) 
Available in Plastic Mini-DIP, Plastic SO, Hermetic 
Cerdip, and Hermetic Metal Can Packages 
MIL-STD-883B Parts Available 
Available in Tape and Reel in Accordance with 
EIA-481A Standard 
Surface Mount (SOIC) 

Dual Version: AD712 
Quad Version: AD713 

PRODUCT DESCRIPTION 

The AD711 is a high speed, precision monolithic operational 
amplifier offering high performance at very modest prices. Its 
very low offset voltage and offset voltage drift are the results of 
advanced laser wafer trimming technology. These performance 
benefits allow the user to easily upgrade existing designs that 
use older precision BiFETs and, in many cases, bipolar op 
amps. 

The superior ac and dc performance of this op amp makes it 
suitable for active filter applications. With a slew rate of 16V/p.s 
and a settling time of 1 (jls to ±0.01%, the AD711 is ideal as a 
buffer for 12-bit D/A and A/D Converters and as a high-speed 
integrator. The settling time is unmatched by any similar IC 
amplifier. 

The combination of excellent noise performance and low input 
current also make the AD711 useful for photo diode preamps. 
Common-mode rejection of 88dB and open loop gain of 400V/mV 
ensure 12-bit performance even in high-speed unity gain buffer 
circuits. 

The AD711 is pinned out in a standard op amp configuration 
and is available in seven performance grades. The AD711J and 
AD711K are rated over the commercial temperature range of 0 
to +70°C. The AD711A, AD711B and AD711C are rated over 
the industrial temperature range of - 40°C to + 85°C. The 
AD711S and AD711T are rated over the military temperature 
range of - 55°C to + 125°C and are available processed to MIL- 
STD-883B, Rev. C. 


CONNECTION DIAGRAMS 


TO-99 
(H) Package 


Plastic Mini-DIP (N) Package 
Plastic Small Outline (R) 
and 

Cerdip (Q) Package 


NC 



Extended reliability PLUS screening is available, specified over 
the commercial and industrial temperature ranges. PLUS screening 
includes 168-hour burn-in, as well as other environmental and 
physical tests. 

The AD711 is available in an 8-pin plastic mini-DIP, small 
outline, cerdip, TO-99 metal can or in chip form. 

PRODUCT HIGHLIGHTS 

1. The AD711 offers excellent overall performance at very 
competitive prices. 

2. Analog Devices’ advanced processing technology and with 
100% testing guarantees a low input offset voltage (0.25mV 
max, C grade, 2mV max, J grade). Input offset voltage is 
specified in the warmed-up condition. Analog Devices’ laser 
wafer drift trimming process reduces input offset voltage 
drifts to 3|xV/°C max on the AD711C. 

3. Along with precision dc performance, the AD711 offers 
excellent dynamic response. It settles to ±0.01% in ljxs and 
has a 100% tested minimum slew rate of 16V/|xs. Thus this 
device is ideal for applications such as DAC and ADC buffers 
which require a combination of superior ac and dc 
performance. 

4. The AD711 has a guaranteed and tested maximum voltage 
noise of 4|xV p-p, 0.1 to 10Hz (AD711C). 

5. Analog Devices’ well-matched, ion-implanted JFETs ensure 

a guaranteed input bias current (at either input) of 25pA max 
(AD71 1C) and an input offset current of lOpA max (AD711C). 
Both input bias current and input offset current are guaranteed 
in the warmed-up condition. 
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AD711 —SPECIFICATIONS 


±15V dc, unless otherwise noted) 


Model 


AD711J/A/S 



AD711K/B/T 



AD711C 




Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

INPUT OFFSET VOLTAGE 1 











Initial Offset 


0.3 

2/1/1 


0.2 

0.5 


0.1 

0.25 

mV 

Tmin toT max 



3/2/2 



1.0 



0.45 

mV 

vs. Temp. 


7 

20/20/20 


5 

10 


2 

3 

M.v/°C 

vs. Supply 

76 

-95 


80 

100 


86 

110 


dB 

vs. Supply, Tmin to T max 

76/76/76 



80 



86 



dB 

Long Term Offset Stability 


15 



15 



15 


p.V/month 

INPUT BIAS CURRENT 2 











Either Input, V C m = 0 


15 

50 


15 

50 


15 

25 

pA 

Either Input at T max , 



1.1/3.2/51 



1.1/3.2/51 



1.6 

nA 

Vcm = 0(70°C/85 o C/125°C) 

Either Input, Vcm ~ + 10V 


20 

100 


20 

100 


20 

50 

pA 

Offset Current, V C m = 0 

Offset Current at T max 


10 

25 


5 

25 


5 

10 

pA 

(70°C/85°C/125°C) 



0.57/1.6/26 



0.57/1.6/26 



0.65 

nA 

FREQUENCY RESPONSE 











Unity Gain, Small Signal 

3.0 

4 


3.4 

4 


3.4 

4 


MHz 

Full Power Response 


200 



200 



200 


kHz 

Slew Rate, Unity Gain 

16 

20 


18 

20 


18 

20 


V/p.s 

Settling Time to 0.01% 3 

Total Harmonic Distortion 
f = 1kHz 

R L >2kft,V 0 =3VRMS 


1 

0.0003 

1.2 


1 

0.0003 

1.2 


1 

0.0003 

1.2 

ps 

INPUT IMPEDANCE 











Differential 


3xl0 12 1|5.5 



3 x 10 ,2 || 5.5 



3x 10 12 1| 5.5 


nil P F 

Common-Mode 


3 x 10 12 {( 5.5 



3x 10 12 1! 5.5 



3x 10 12 1| 5.5 


nil p f 

INPUT VOLTAGE RANGE 











Differential 4 


±20 



±20 



±20 


V 

Common-Mode Voltage 


+ 14.5,-11.5 



+ 14.5,-11.5 



+ 14.5, -11.5 



Over Max Operating Range 5 

-V S +4V 


+ V S -2V 

-V S + 4V 

+ V S -2V 

-V S + 4V 

+ V S -2V 

V 

Common-Mode Rejection Ratio 











V CM =±10V 

76 

88 


80 

88 


86 

94 


dB 

Tmin to Tmax 

76/76/76 

84 


80 

84 


86 

90 


dB 

Vcm=±11V 

70 

84 


76 

84 


76 

90 


dB 

Tmin tO Tmax 

70/70/70 

80 


74 

80 


74 

84 


dB 

INPUT VOLTAGE NOISE 











Voltage 0.1Hz to 10Hz 


2 



2 



2 

4.0 

M-Vp-p 

f = 10Hz 


45 



45 



45 


nV/VHz 

f= 100Hz 


22 



22 



22 


nV/Vta 

f= 1kHz 


18 



18 



18 


nV/VHz 

f = 10kHz 


16 



16 



16 


nV/VHz 

INPUT CURRENT NOISE 











f= 1kHz 


0.01 



0.01 



0.01 


pA/VHz 

OPEN LOOP GAIN 6 











V 0 = ±10V,R L >2kft 

V 0 = ±10V,R L >2kn, 

150 

400 


200 

400 


200 

400 


V/mV 

Tmin tO Tmax 

100/100/100 



100 



100 



V/mV 

OUTPUT CHARACTERISTICS 











Voltage @ R L >2kft 

Voltage @ R L ^2kfl, 

+ 13,-12.5 

+ 13.9,-13.3 


+ 13, 

-12.5 +13.9,-13.3 


+ 13, 

-12.5 +13.9,-13.3 


V 

Tmin tO Tmax 

±12/ ±12/ ±12 +13.8,-13.1 


±12 

+ 13.8,-13.1 


±12 

+ 13.8,-13.1 


V 

Short-Circuit Current 


25 



25 



25 


mA 

POWER SUPPLY 











Rated Performance 


±15 



±15 



±15 


V 

Operating Range 

±4.5 


±18 

±4.5 


±18 

±4.5 


±18 

V 

Quiescent Current 


2.5 

3.4 


2.5 

3.0 


2.5 

2.8 

mA 

TEMPERATURE RANGE 











Operating, Rated Performance 











Commercial (0 to + 70°C) 


AD711J 



AD711K 






Industrial ( - 40°C to + 85°C) 


AD711A 



AD711B 



AD711C 



Military ( - 55°C to + 125°C) 


AD711S 



AD711T 






PACKAGE OPTIONS 7 











Plastic (N-8) 


AD711JN 



AD711KN 






SOIC (R-8) 


AD711JR 



AD711KR 






Cerdip(Q-8) 


AD711AQ, AD711SQ 


AD711BQ,AD711TQ 


AD711CQ 



TO-99 (H-08A) 


AD71 1 AH, AD71 1SH 


AD71 1BH, AD71 1TH 


AD711CH 



Tape and Reel 

J, K and S Chips Available 


AD711JR-REEL 



AD711KR-REEL 






TRANSISTOR COUNT 

1 2 i 

1 » 1 

! 30 1 
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NOTES 

1 Input offset voltage specifications are guaranteed after 5 minutes of operation at T A = + 25°C. 

2 Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at T A = +25°C. 

For higher temperature, the current doubles every 10°C. 

3 Refer to Figure 29. 

4 Defined as voltage between inputs, such that neither exceeds ± 10V from ground. 

s Typically exceeding - 14.1V negative common-mode voltage on either input results in an output phase reversal. 
6 Open-Loop Gain is specified with Vos both nulled and unnulled. 

7 H = Metal Can; N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see Package Information section. 
Specifications subject to change without notice. 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality levels. 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ± 18V 

Internal Power Dissipation 2 500mW 

Input Voltage 3 ± 18V 

Output Short Circuit Duration Indefinite 

Differential Input Voltage +V S and — V s 

Storage Temperature Range Q, H — 65°C to + 150°C 

Storage Temperature Range N -65°C to + 125°C 

Operating Temperature Range 

AD711J/K 0 to + 70°C 

AD711A/B/C - 40°C to + 85°C 

AD711S/T - 55°C to + 125°C 

Lead Temperature Range (Soldering 60 seconds) .... 300°C 


NOTES 

'Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 

Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

2 Thermal Characteristics 

8-Pin Plastic Package: 0 JC = 33°C/W, 0 JA = 100°C/W 
8-Pin Cerdip Package: 0 JC = 22°C/W, 0 JA = 1 10°C/W 
8-Pin Metal Can Package: 0 JC = 65°C/W, 0j A = 1 50°C/W 

3 For supply voltages less than ± 18V, the absolute maximum input voltage is 
equal to the supply voltage. 


METALLIZATION PHOTOGRAPH 

Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 

OFFSET 

NULL 

1 
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INPUT BIAS CURRENT - pA 


AD71 1 — Typical Characteristics 



Figure 1. Input Voltage Swing 
vs. Supply Voltage 


Figure 2. Output Voltage Swing 
vs. Supply Voltage 


Figure 3. Output Voltage Swing 
vs. Load Resistance 



Figure 4. Quiescent Current vs. Figure 5. Input Bias Current vs. Figure 6. Output Impedance 

Supply Voltage Temperature vs. Frequency 



Figure 7. Input Bias Current vs. 
Common Mode Voltage 


Figure 8. Short Circuit Current 
Limit vs. Temperature 


Figure 9. Unity Gain Bandwidth 
vs. Temperature 
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FREQUENCY - Hz 


SUPPLY VOLTAGE - ± Volts 


SUPPLY MODULATION FREQUENCY - Hz 


Figure 10. Open-Loop Gain and Phase Figure 1 1. Open-Loop Gain vs. Figure 12. Power Supply 

Margin vs. Frequency Supply Voltage Rejection vs. Frequency 



Figure 13. Common Mode Figure 14. Large Signal Figure 15. Output Swing and 

Rejection vs. Frequency Frequency Response Error vs. Settling Time 



100 Ik 10k 100k 1 10 100 Ik 10k 100k 0 100 200 300 400 500 600 700 800 900 

FREQUENCY - Hz FREQUENCY - Hz INPUT ERROR SIGNAL - mV 

(AT SUMMING JUNCTION) 


Figure 16. Total Harmonic 
Distortion vs. Frequency 


Figure 1 7. Input Noise Voltage 
Spectral Density 


Figure 18. Slew Rate vs. Input 
Error Signal 
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Figure 22a. Unity Gain Follower 


Figure 22b. Unity Gain Follower Figure 22c. Unity Gain Follower 
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OPTIMIZING SETTLING TIME 

Most bipolar high-speed D/A converters have curent outputs; 
therefore, for most applications, an external op amp is required 
for cur rent-to- voltage conversion. The settling time of the con- 
verter/op amp combination depends on the settling time of the 
DAC and output amplifier. A good approximation is: 

t s Total = V(t s DAC) 2 + (t s AMP) 2 

The settling time of an op amp DAC buffer will v&ry with the 
noise gain of the circuit, the DAC output capacitance, and with 
the amount of external compensation capacitance across the 
DAC output scaling resistor. 

Settling time for a bipolar DAC is typically 100 to 500ns. Previ- 
ously, conventional op amps have required much longer settling 
times than have typical state-of-the-art DACs; therefore, the 
amplifier settling time has been the major limitation to a high-speed 
voltage-output D-to-A function. The introduction of the AD711/ 
712 family of op amps with their ljxs (to ±0.01% of final value) 
settling time now permits the full high-speed capabilities of 
most modern DACs to be realized. 


In addition to a significant improvement in settling time, the 
low offset voltage, low offset voltage drift, and high open-loop 
gain of the AD711 family assures 12-bit accuracy over the full 
operating temperature range. 

The excellent high-speed performance of the AD711 is shown in 
the oscilloscope photos of Figure 25. Measurements were taken 
using a low input capacitance amplifier connected directly to the 
summing junction of the AD711 - both photos show the worst 
case situation: a full-scale input transition. The DAC’s 4kfl 
[10kn||8kn = 4.4kD] output impedance together with a 10kH 
feedback resistor produce an op amp noise gain of 3.25. The 
current output from the DAC produces a 10V step at the op 
amp output (0 to - 10V Figure 25a, - 10V to 0V Figure 25b.) 

Therefore, with an ideal op amp, settling to ± 1/2LSB (±0.01%) 
requires that 375 |xV or less appears at the summing junction. 
This means that the error between the input and output (that 
voltage which appears at the AD711 summing junction) must be 
less than 375 /j.V. As shown in Figure 25, the total settling time 
for the AD711/AD565 combination is 1.2 microseconds. 



Figure 24. ± 10V Voltage Output Bipolar DAC 


. 


f 

' ! " ‘ 


sv 



i §ara 

i - i — 


90 

c 

\ 



K 

i 

\ 

. t - -i 




mV* 









- f- i 

i ' 

1 


.... i 



\ 

r 



1 -i 

r -f~ 

i 



\ 



L 

i 



5b0n 







a. (Full-Scale Negative Transition ) 
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b. (Full-Scale Positive Transition ) 


Figure 25. Settling Characteristics for AD7 11 with AD565A 
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OP AMP SETTLING TIME - A MATHEMATICAL 
MODEL 

The design of the AD711 gives careful attention to optimizing 
individual circuit components; in addition, a careful tradeoff 
was made: the gain bandwidth product (4MHz) and slew rate 
(20V/|as) were chosen to be high enough to provide very fast 
settling time but not too high to cause a significant reduction in 
phase margin (and therefore stability). Thus designed, the AD711 
settles to ±0.01%, with a 10V output step, in under lp.s, while 
retaining the ability to drive a 250pF load capacitance when 
operating as a unity gain follower. 

If an op amp is modeled as an ideal integrator with a unity gain 
crossover frequency of 0) O /2'ir, Equation 1 will accurately describe 
the small signal behavior of the circuit of Figure 26a, consisting 
of an op amp connected as an I-to-V converter at the output of 
a bipolar or CMOS DAC. This equation would completely 
describe the output of the system if not for the op amp’s finite 
slew rate and other nonlinear effects. 


When Rq and I 0 are replaced with their Thevenin Vi N and R IN 
equivalents, the general purpose inverting amplifier of Figure 
26b is created. Note that when using this general model, capaci- 
tance Cx is EITHER the input capacitance of the op amp if a 
simple inverting op amp is being simulated OR it is the combined 
capacitance of the DAC output and the op amp input if the 
DAC buffer is being modeled. 



Equation 1. 


Figure 26b. Simplified Model of the AD71 1 Used as an 
Inverter 


Iin R(Cf -I- Cx) 


-R 


& + RCf ) 


s +1 


where y 2 - = op amp’s unity gain frequency 
r 

Gn = “noise” gain of circuit ^1 + 


In either case, the capacitance Cx causes the system to go from 
a one-pole to a two-pole response; this additional pole increases 
settling time by introducing peaking or ringing in the op amp 
output. Since the value of Cx can be estimated with reasonable 
accuracy, Equation 2 can be used to choose a small capacitor, 
Cp, to cancel the input pole and optimize amplifier response. 
Figure 27 is a graphical solution of Equation 2 for the AD711 
with R = 4kD. 


This equation may then be solved for Cfi 
Equation 2. 

r 2 — G n 2VRC x o) 0 + (1 — G n ) 

C( ~~R^ + 

In these equations, capacitor Cx is the total capacitance appearing 
at the inverting terminal of the op amp. When modeling a DAC 
buffer application, the Norton equivalent circuit of Figure 26a 
can be used directly; capacitance Cx is the total capacitance of 
the output of the DAC plus the input capacitance of the op amp 
(since the two are in parallel). 



Figure 26a. Simplified Model of the AD71 1 Used as a 
Current-Out DAC Buffer 



0 10 20 30 40 50 60 

C F 

Figure 27. Value of Capacitor C F vs. Value of C x 

The photos of Figures 28a and 28b show the dynamic response 
of the AD71 1 in the settling test circuit of Figure 29. 

The input of the settling time fixture is driven by a flat-top 
pulse generator. The error signal output from the false summing 
node of A1 is clamped, amplified by A2 and then clamped 
again. The error signal is thus clamped twice: once to prevent 
overloading amplifier A2 and then a second time to avoid over- 
loading the oscilloscope preamp. The Tektronix oscilloscope 
preamp type 7A26 was carefully chosen because it does not 
overload with these input levels. Amplifier A2 needs to be a 
very high speed FET-input op amp; it provides a gain of 10, 
amplifying the error signal output of Al. 
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Figure 28a. Settling Characteristics 0 to + 10V Step 
Upper Trace: Output of AD7 11 Under Test (5V/Div) 
Lower Trace: Amplified Error Voltage ( 0.01%/Div ) 


Figure 28b. Settling Characteristics 0 to - 10V Step 
Upper Trace: Output of AD7 11 Under Test (5V/Div) 
Lower Trace: Amplified Error Voltage (0.01%/Div) 



GUARDING 

The low input bias current (15pA) and low noise characteristics 
of the AD711 BiFET op amp make it suitable for electrometer 
applications such as photo diode preamplifiers and picoampere 
current-to- voltage converters. The use of a guarding technique 
such as that shown in Figure 30, in printed circuit board layout 
and construction is critical to minimize leakage currents. The 
guard ring is connected to a low impedance potential at the 
same level as the inputs. High impedance signal lines should not 
be extended for any unnecessary length on the printed circuit 
board. 


TO-99 (H) Package 



Plastic DIP (N) Package 
and 

Cerdip (Q) Package 

| D-rD I 
I D^-D | 0\ 

1*0 Di 


Figure 30. Board Layout for Guarding Inputs 


D/A CONVERTER APPLICATIONS 

The AD711 is an excellent output amplifier for CMOS DACs. 

It can be used to perform both 2 quadrant and 4 quadrant operation. 
The output impedance of a DAC using an inverted R-2R ladder 
approaches R for codes containing many Is, 3R for codes containing 
a single 1, and for codes containing all zero, the output impedance 
is infinite. 

For example, the output resistance of the AD7545 will modulate 
between llkfi and 33kD. Therefore, with the DAC’s internal 
feedback resistance of llkH, the noise gain will vary from 2 to 
4/3. This changing noise gain modulates the effect of the input 
offset voltage of the amplifier, resulting in nonlinear DAC- 
amplifier performance. 

The AD711K with guaranteed 500|xV offset voltage minimizes 
this effect to achieve 12-bit performance. 

Figures 31 and 32 show the AD711 and AD7545 (12-bit CMOS 
DAC) configured for unipolar binary (2-quadrant multiplication) 
or bipolar (4-quadrant multiplication) operation. Capacitor Cl 
provides phase compensation to reduce overshoot and ringing. 
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A0711 



Figure 31. Unipolar Binary Operation 


NOISE CHARACTERISTICS 

The random nature of noise, particularly in the 1/f region, makes 
it difficult to specify in practical terms. At the same time, designers 
of precision instrumentation require certain guaranteed maximum 
noise levels to realize the full accuracy of their equipment. 

The AD711C grade is specified at a maximum level of 4.0|xV 
p-p, in a 0.1 to 10Hz bandwidth. Each AD711C receives a 
100% noise test for two 10-second intervals; devices with any 
excursion in excess of 4.0fiV are rejected. The screened lot is 
then submitted to Quality Control for verification on an AQL 
basis. 

All other grades of the AD711 are sample-tested on an AQL 
basis to a limit of 6|TV p-p, 0.1 to 10Hz. 



R1 and R2 calibrate the zero offset and gain error of the DAC. 
Specific values for these resistors depend upon the grade of 
AD7545 and are shown below. 


TRIM 

RESISTOR 

JN/AQ/SD 

KN/BQ/TD 

LN/CQ/UD 

GLN/GCQ/GUD 

R1 

soon 

2000 

ioon 

200 

R2 

i5on 

680 

330 

6.80 


Table I. Recommended Trim Resistor Values vs. Grades 
of the AD7545 for V DD = +5V 


Figures 33a and 33b show the settling time characteristics of the 
AD711 when used as a DAC output buffer for the AD7545. 


DRIVING THE ANALOG INPUT OF AN A/D 
CONVERTER 

An op amp driving the analog input of an A/D converter, such 
as that shown in Figure 34, must be capable of maintaining a 
constant output voltage under dynamically changing load condi- 
tions. In successive-approximation converters, the input current 
is compared to a series of switched trial currents. The comparison 
point is diode clamped but may deviate several hundred millivolts 
resulting in high frequency modulation of A/D input current. 
The output impedance of a feedback amplifier is made artificially 
low by the loop gain. At high frequencies, where the loop gain 
is low, the amplifier output impedance can approach its open 
loop value. Most IC amplifiers exhibit a minimum open loop 
output impedance of 2511 due to current limiting resistors. A 
few hundred microamps reflected from the change in converter 




a. Full-Scale Positive 
Transition 


b. Full-Scale Negative 
Transition 


Figure 34. AD711 as ADC Unity Gain Buffer 



Figure 33. Settling Characteristics for AD7 11 with AD7545 


Figure 35. ADC Input Unity Gain Buffer Recovery Times 
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loading can introduce errors in instantaneous input voltage. If 
the A/D conversion speed is not excessive and the bandwidth of 
the amplifier is sufficient, the amplifier’s output will return to 
the nominal value before the converter makes its comparison. 
However, many amplifiers have relatively narrow bandwidth 
yielding slow recovery from output transients. The AD711 is 
ideally suited to drive high speed A/D converters since it offers 
both wide bandwidth and high open-loop gain. 

DRIVING A LARGE CAPACITIVE LOAD 

The circuit in Figure 36 employs a 10011 isolation resistor which 
enables the amplifier to drive capacitive loads exceeding 1500pF; 
the resistor effectively isolates the high frequency feedback from 
the load and stabilizes the circuit. Low frequency feedback is 
returned to the amplifier summing junction via the low pass 
filter formed by the 100(1 series resistor and the load capacitance, 
Ci.. Figure 37 shows a typical transient response for this 
connection. 


4.99kn 



Figure 36. Circuit for Driving a Large Capacitive Load 



Figure 37. Transient Response R L = 2kfi, C L =500pF 


ACTIVE FILTER APPLICATIONS 

In active filter applications using op amps, the dc accuracy of 
the amplifier is critical to optimal filter performance. The am- 
plifier’s offset voltage and bias current contribute to output 
error. Offset voltage will be passed by the filter and may be 
amplified to produce excessive output offset. For low frequency 
applications requiring large value input resistors, bias currents 
flowing through these resistors will also generate an offset 
voltage. 

In addition, at higher frequencies, an op amp’s dynamics must 
be carefully considered. Here, slew rate, bandwidth, and open-loop 
gain play a major role in op amp selection. The slew rate must 
be fast as well as symmetrical to minimize distortion. The am- 
plifier’s bandwidth in conjunction with the filter’s gain will 
dictate the frequency response of the filter. 

The use of a high performance amplifier such as the AD71 1 will 
minimize both dc and ac errors in all active filter applications. 


SECOND ORDER LOW PASS FILTER 

Figure 38 depicts the AD711 configured as a second order But- 
terworth low pass filter. With the values as shown, the corner 
frequency will be 20kHz; however, the wide bandwidth of the 
AD711 permits a corner frequency as high as several hundred 
kilohertz. Equations for component selection are shown below. 

Rl = R2 = user selected (typical values: lOkfl - lOOkll) 

Cl = 1.414 c = 0.707 

(2tt) (f cutoff ) (Rl)’ (2tt) 

(fcuioll) (Rl) 

Where Cl and C2 are in farads. 


Cl 

560pF 



Figure 38. Second Order Low Pass Filter 

An important property of filters is their out-of-band rejection. 
The simple 20kHz low pass filter shown in Figure 38, might be 
used to condition a signal contaminated with clock pulses or 
sampling glitches which have considerable energy content at 
high frequencies. 

The low output impedance and high bandwidth of the AD711 
minimize high frequency feedthrough as shown in Figure 39. 

The upper trace is that of another low cost BiFET op amp 
showing 17dB more feedthrough at 5MHz. 



Figure 39. 
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9 POLE CHEBYCHEV FILTER 

Figure 40 shows the AD711 and its dual counterpart, the AD712, 
as a 9 pole Chebychev filter using active frequency dependent 
negative resistors (FDNR). With a cutoff frequency of 50kHz 
and better than 90dB rejection, it may be used as an anti-aliasing 
filter for a 12-bit Data Acquisition System with 100kHz 
throughput. 

As shown in Figure 40, the filter is comprised of four FDNRs 


(A, B, C, D) having values of 4.9395 x 10" 15 and 5.9276 x 10" 15 
farad-seconds. Each FDNR active network provides a two-pole 
response; for a total of 8 poles. The 9th pole consists of a 0.001 jxF 
capacitor and a 124kfl resistor at Pin 3 of amplifier A2. Figure 
41 depicts the circuits for each FDNR with the proper selection 
of R. To achieve optimal performance, the 0.001 jxF capacitors 
must be selected for 1% or better matching and all resistors 
should have 1% or better tolerance. 




Figure 41. FDNR for 9 Pole Chebychev Filter 



Figure 42. High Frequency Response for 9 Pole Chebychev 
Filter 
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ANALOG 

DEVICES 


Dual Precision, Low Cost, 
High Speed, BiFET Op Amp 


AD712 


FEATURES 

Enhanced Replacement for LF412 and TL082 
AC PERFORMANCE: 

Settles to ±0.01% in Ips 
16V/ps min Slew Rate (AD712J) 

3MHz min Unity Gain Bandwidth (AD712J) 

DC PERFORMANCE: 

0.30mV max Offset Voltage: (AD712C) 

5|iV/°C max Drift: (AD712C) 

200V/mV min Open Loop Gain (AD712K) 

4pV p-p max Noise, 0.1Hz to 10Hz (AD712C) 

Surface Mount Available in Tape and Reel in 
Accordance with EIA-481A Standard 
MIL-STD-883B Parts Available 
Single Version Available: AD711 
Quad Version: AD713 

Available in Plastic Mini-DIP, Plastic SOIC, Hermetic 
Cerdip, Hermetic Metal Can Packages and Chip 
Form 

PRODUCT DESCRIPTION 

The AD712 is a high speed, precision monolithic operational 
amplifier offering high performance at very modest prices. Its 
very low offset voltage and offset voltage drift are results of 
advanced laser wafer trimming technology. These performance 
benefits allow the user to easily upgrade existing designs that 
use older precision BiFETs and, in many cases, bipolar op 
amps. 

The superior ac and dc performance of this op amp makes it 
suitable for active filter applications. With a slew rate of 16V/|xs 
and a settling time of lp,s to ±0.01%, the AD712 is ideal as a 
buffer for 12-bit D/A and A/D Converters and as a high-speed 
integrator. The settling time is unmatched by any similar IC 
amplifier. 

The combination of excellent noise performance and low input 
current also make the AD712 useful for photo diode preamps. 
Common-mode rejection of 88dB and open loop gain of 400V/mV 
ensure 12-bit performance even in high-speed unity gain buffer 
circuits. 

The AD712 is pinned out in a standard op amp configuration 
and is available in seven performance grades. The AD712J and 
AD712K are rated over the commercial temperature range of 0 
to +70°C. The AD712A, AD712B and AD712C are rated over 
the industrial temperature range of - 40°C to + 85°C. The 
AD712S and AD712T are rated over the military temperature 
range of - 55°C to + 125°C and are available processed to MIL- 
STD-883B, Rev. C. 


FUNCTIONAL BLOCK DIAGRAMS 


TO-99 
(H) Package 


Plastic Mini-DIP (N) Package, 
Cerdip (Q) Package 
and SOIC (R) Package 



Extended reliability PLUS screening is available, specified over 
the commercial and industrial temperature ranges. PLUS screening 
includes 168-hour burn-in, as well as other environmental and 
physical tests. 

The AD712 is available in an 8-pin plastic mini-DIP, cerdip, 
TO-99 metal can, or chip form. 

PRODUCT HIGHLIGHTS 

1. The AD712 offers excellent overall performance at very 
competitive prices. 

2. Analog Devices’ advanced processing technology and with 
100% testing guarantees a low input offset voltage (0.3mV 
max, C grade, 3mV max, J grade). Input offset voltage is 
specified in the warmed-up condition. Analog Devices’ laser 
wafer drift trimming process reduces input offset voltage 
drifts to 5|xV/°C max on the AD712C. 

3. Along with precision dc performance, the AD712 offers 
excellent dynamic response. It settles to ±0.01% in l(xs and 
has a 100% tested minimum slew rate of 16V/|jls. Thus this 
device is ideal for applications such as DAC and ADC buffers 
which require a combination of superior ac and dc 
performance. 

4. The AD712 has a guaranteed and tested maximum voltage 
noise of 4|jlV p-p, 0.1 to 10Hz (AD712C). 

5. Analog Devices’ well-matched, ion-implanted JFETs ensure 

a guaranteed input bias current (at either input) of 50pA max 
(AD712C) and an input offset current of lOpA max (AD712C). 
Both input bias current and input offset current are guaranteed 
in the warmed-up condition. 
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AD71 2-SPECIFICATIONS <® 


±15V dc, unless otherwise noted) 


Model 

Min 

AD712J/A/S 

Typ 

Max 

Min 

AD712K/B/T 

Typ 

Max 

Min 

AD712C 

Typ 

Max 

Units 

INPUT OFFSET VOLTAGE 1 











Initial Offset 


0.3 

3/1/1 


0.2 

1/0.7/0.7 


0.1 

0.30 

mV 

TmintoTjnax 



4/2/2 



2/1.5/1.5 



0.60 

mV 

vs. Temp. 


7 

20^0/20 


7 

10 


3 

5 

jxV/°C 

vs. Supply 

76 

95 


80 

100 


86 

110 


dB 

vs. SuddIv, T mi „ to T^ av 

76/76/76 



80 



86 



dB 

Long-Term Offset Stability 


15 



15 



15 


H.V/month 

INPUT BIAS CURRENT 2 











Either Input, V C m = 0 


25 

75 


20 

75 


20 

50 

pA 

Either Input at T,^,, 











Vcm = 0(70°C/85°C/125°C) 


0.6/1.6/26 

1.7/4.8/77 


0.5/1.3/20 

1.7/4.8/77 


1.3 

3.2 

nA 

Either Input, V C m = + 10V 



100 



100 



75 

pA 

Offset Current, V CM = 0 


10 

25 


5 

25 


5 

10 

pA 

Offset Current at T msut 











(70°C/85 o C/125°C) 


0.3/0.7/11 

0.6/1.6/26 


0.1/0.3/5 

0.6/1.6/26 


0.3 

0.7 

nA 

MATCHING CHARACTERISTICS 3 











Input Offset Voltage 



3/1/1 



1/0.7/0.7 



0.3 

mV 

Input Offset Voltage Tmin to T max 



4/2/2 



2/1. 5/1. 5 



0.6 

mV 

Input Offset Voltage vs . T emp 



20/20/20 



10 



5 

tcV/°C 

Input Bias Current 



25 



25 



10 

PA 

Crosstalk 4 (d 1kHz 


120 



120 



120 


dB 

(« 100kHz 


90 



90 



90 


dB 

FREQUENCY RESPONSE 











Unity Gain, Small Signal 

3.0 

4 


3.4 

4 


3.4 

4 


MHz 

Full Power Response 


200 



200 



200 


kHz 

Slew Rate, Unity Gain 

16 

20 


18 

20 


18 

20 


V/jxs 

Settling Time to 0.01% 5 


1 

1.2 


1 

1.2 


1 

1.2 

M-s 

T otal Harmonic Distortion 











f = 1kHz, R L s2kH, V 0 = 3V rms 


0.0003 



0.0003 



0.0003 


% 

INPUT IMPEDANCE 











Differential 


3xl0 12 ||5.5 



3 x 10 12 || 5.5 



3 x 10 I2 || 5.5 

n||pF 

Common Mode 


3x10 12 ||5.5 



3x10 ,2 |5.5 



3xl0 12 II 5.5 

nil pF 

INPUT VOLTAGE RANGE 











Differential 6 


±20 



±20 



±20 


V 

Common-Mode Voltage 











Over Max Operating Range 7 

-V S + 4V 

+ 14.5, - 11.5 +V S -2V 

-V S + 4V 

+ 14.5, -11.-5 +V S -2V 

— V S + 4V 

+ 14.5, - 

11.5 +V S -2V 

V 

Common-Mode Rejection Ratio 











V C m = - 10V 

76 

88 


80 

88 


86 

94 


dB 

TmintoTma, 

76/76/76 

84 


80 

84 


86 

90 


dB 

Vcm=±11V 

70 

84 


76 

84 


76 

90 


dB 

T min to T max 

70/70/70 

80 


74 

80 


74 

84 


dB 

INPUT VOLTAGE NOISE 











Voltage 0. 1Hz to 10Hz 


2 



2 



2 

4 

| l*V p-p 

f = 10Hz 


45 



45 



45 


nV/VHz 

f = 100Hz 


22 



22 



22 


nV/VHz 

f = 1kHz 


18 



18 



18 


nV/VHz 

f= 10kHz 


16 



16 



16 


nV/Vllz 

INPUT CURRENT NOISE 











f= 1kHz 


0.01 



0.01 



0.01 


pA/VHz 

OPEN LOOP GAIN 











V 0 = ±10V,R L ^2kn 

150 

400 


200 

400 


200 

400 


V/mV 

Tmin tO Tmax, R L >2kH 

100/100/100 



100 



100 



V/mV 

OUTPUT CHARACTERISTICS 











Voltage @ R L >2kfl 

+ 13,-12.5 

+ 13.9,-13.3 


+ 13, - 

12.5 +13.9,-13.3 


+ 13, - 

12.5 +13.9 

, - 13.3 

V 

Tmin tO Tmax 

±12, ±12, ±12 +13.8,-13.1 


±12 

+ 13.8,-13.1 


±12 

+ 13.8 

,-13.1 

V 

Short Circuit Current 


25 



25 



25 


mA 

POWER SUPPLY 











Rated Performance 


±15 



±15 



±15 


V 

Operating Range 

±4.5 


±18 

±4.5 


±18 

±4.5 


±18 

V 

Quiescent Current, 











Both Amplifiers 


5 

6.8 


5 

6.0 


5 

5.6 

mA 

TEMPERATURE RANGE 











Operating, Rated Performance 











Commercial (0 to + 70°C) 


AD712J 



AD712K 






Industrial ( - 40°C to + 85°C) 


AD712A 



AD712B 



AD712C 1 


Military ( - 55°Cto + 125°C) 


AD712S 



AD712T 






PACKAGE OPTIONS 8 











SOIC(R-8) 


AD712JR 









Plastic (N-8) 


AD712JN 



AD712KN 






Cerdip (Q-8) 


AD7 1 2AQ, AD7 1 2SQ 


AD712BQ, AD712TQ 


AD712CQ 


TO-99 (H-08A) 


AD712AH, AD712SH 


AD712BH, AD712TH 


AD712CH 


Tape and Reel 


AD712JR 









A, J and S Grade Chips Available 
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NOTES 

'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at T A = +2S°C. 

2 Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at T A = +25°C. For higher temperature, the current doubles every 10°C. 

'Matching is defined as the difference between parameters of the two amplifiers. 

4 Refer to Figure 21. 

’Refer to Figure 29. 

6 Defined as voltage between inputs, such that neither exceeds ± 10V from ground. 

7 Typically exceeding - 14.1V negative common-mode voltage on either input results in an output phase reversal. 

*For outline information see Package Information section. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min and max specifications 
are guaranteed, although only those shown in boldface are tested on all production units. 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ± 1 8V 

Internal Power Dissipation 2 500mW 

Input Voltage 3 ± 18V 

Output Short Circuit Duration Indefinite 

Differential Input Voltage +V S and -V s 

Storage Temperature Range Q, H -65°C to + 150°C 

Storage Temperature Range N -65°C to + 125°C 

Operating Temperature Range 

AD712J/K 0 to + 70°C 

AD712A/B/C - 40°C to + 85°C 

AD712S/T - 55°C to + 125°C 

Lead Temperature Range (Soldering 60 seconds) .... 300°C 


NOTES 

'Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

2 Thermal Characteristics: 

8-Pin Plastic Package: 8 ja = 165°C/W. 

8-Pin Cerdip Package: e JC = 22°C/W,8 ja - 110°C/W. 

8-Pin Metal Can Package: 8j c = 65°C/W, 8j A -- 1 50°C/W. 

3 For supply voltages less than ± 18V, the absolute maximum input voltage is 
equal to the supply voltage. 


MET ALIZ ATION PHOTOGRAPH 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 
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INPUT BIAS CURRENT - pA 


AD712 — Typical Characteristics 



SUPPLY VOLTAGE ± Volts 


Figure 1. Input Voltage Swing 
vs. Supply Voltage 



Figure 2. Output Voltage Swing Figure 3. Output Voltage Swing 
vs. Supply Voltage vs. Load Resistance 



SUPPLY VOLTAGE ± Volts 



-60 -40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE - °C 



FREQUENCY - Hz 


Figure 4. Quiescent Current vs. 
Supply Voltage 


Figure 5. Input Bias Current vs. 
Temperature 


Figure 6. Output Impedance vs. 
Frequency 



COMMON MODE VOLTAGE - Volts 



AMBIENT TEMPERATURE - °C 



-60 - 40 - 20 0 20 40 60 80 100 120 140 

TEMPERATURE - °C 


Figure 7. Input Bias Current vs. 
Common Mode Voltage 


Figure 8. Short Circuit Current 
Limit vs. Temperature 


Figure 9. Unity Gain Bandwidth 
vs. Temperature 
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FREQUENCY - Hz 


SUPPLY VOLTAGE ± Volts 


SUPPLY MODULATION FREQUENCY - Hz 


Figure 10. Open Loop Gain and Figure 1 1. Open Loop Gain vs. Figure 12. Power Supply 

Phase Margin vs. Frequency Supply Voltage Rejection vs. Frequency 



FREQUENCY - Hz INPUT FREQUENCY - Hz SETTLING TIME - ps 


Figure 13. Common Mode Figure 14. Large Signal Figure 15. Output Swing and 

Rejection vs. Frequency Frequency Response Error vs. Settling Time 



100 Ik 10k 100k 1 10 100 Ik 10k 100k 0 100 200 300 400 500 600 700 800 900 

FREQUENCY - Hz FREQUENCY - Hz INPUT ERROR SIGNAL - mV 

(AT SUMMING JUNCTION) 


Figure 16. Total Harmonic Figure 17. Input Noise Voltage Figure 18. Slew Rate vs. Input 

Distortion vs. Frequency Spectra! Density Error Signal 
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TEMPERATURE - °C 


Figure 19. Slew Rate vs. 
Temperature 



Figure 20. T.H.D. Test Circuit 


V OUT 



Figure 21. Crosstalk Test Circuit 



Figure 22a. Unity Gain Follower 


Figure 22b. Unity Gain Follower 
Pulse Response ( Large Signal) 


Figure 22c. Unity Gain Follower 
Pulse Response (Small Signal) 
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Figure 23a. Unity Gain Inverter Figure 23b. Unity Gain Inverter Figure 23c. Unity Gain Inverter 

Pulse Response (Large Signal) Pulse Response (Small Signal) 
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OPTIMIZING SETTLING TIME 

Most bipolar high-speed D/A converters have curent outputs; 
therefore, for most applications, an external op amp is required 
for current-to- voltage conversion. The settling time of the con- 
verter/op amp combination depends on the settling time of the 
DAC and output amplifier. A good approximation is: 

t s Total = V(t s DAC) 2 + (t s AMP) 2 

The settling time of an op amp DAC buffer will vary with the 
noise gain of the circuit, the DAC output capacitance, and with 
the amount of external compensation capacitance across the 
DAC output scaling resistor. 

Settling time for a bipolar DAC is typically 100 to 500ns. Previ- 
ously, conventional op amps have required much longer settling 
times than have typical state-of-the-art DACs; therefore, the 
amplifier settling time has been the major limitation to a high-speed 
voltage-output D-to-A function. The introduction of the AD711/ 
712 family of op amps with their 1(jls (to ±0.01% of final value) 
settling time now permits the full high-speed capabilities of 
most modern DACs to be realized. 


In addition to a significant improvement in settling time, the 
low offset voltage, low offset voltage drift, and high open-loop 
gain of the AD711/AD712 family assures 12-bit accuracy over 
the full operating temperature range. 

The excellent high-speed performance of the AD712 is shown in 
the oscilloscope photos of Figure 25. Measurements were taken 
using a low input capacitance amplifier connected directly to the 
summing junction of the AD712 - both photos show the worst 
case situation: a full-scale input transition. The DAC’s 4kf 1 
[10k(l||8kn = 4.4kfl] output impedance together with a 10kI2 
feedback resistor produce an op amp noise gain of 3.25. The 
current output from the DAC produces a 10V step at the op 
amp output (0 to - 10V Figure 25a, - 10V to 0V Figure 25b.) 

Therefore, with an ideal op amp, settling to ± 1/2LSB ( ±0.01%) 
requires that 375|xV or less appears at the summing junction. 
This means that the error between the input and output (that 
voltage which appears at the AD712 summing junction) must be 
less than 375fxV. As shown in Figure 25, the total settling time 
for the AD712/AD565 combination is 1.2 microseconds. 



ov 

-10V 



a. (Full-Scale Negative Transition) 


b. (Full-Scale Positive Transition ) 



Figure 25. Settling Characteristics for AD7 12 with AD565A 
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OP AMP SETTLING TIME - A MATHEMATICAL 
MODEL 

The design of the AD712 gives careful attention to optimizing 
individual circuit components; in addition, a careful tradeoff 
was made: the gain bandwidth product (4MHz) and slew rate 
(20V/|jls) were chosen to be high enough to provide very fast 
settling time but not too high to cause a significant reduction in 
phase margin (and therefore stability). Thus designed, the AD712 
settles to ±0.01%, with a 10V output step, in under Ijjls, while 
retaining the ability to drive a 250pF load capacitance when 
operating as a unity gain follower. 

If an op amp is modeled as an ideal integrator with a unity gain 
crossover frequency of 0 > o / 2 / 7 t, Equation 1 will accurately describe 
the small signal behavior of the circuit of Figure 26a, consisting 
of an op amp connected as an I-to-V converter at the output of 
a bipolar or CMOS DAC. This equation would completely 
describe the output of the system if not for the op amp’s finite 
slew rate and other nonlinear effects. 


When R 0 and I Q are replaced with their Thevenin V IN and Ri N 
equivalents, the general purpose inverting amplifier of Figure 
26b is created. Note that when using this general model, capaci- 
tance C x is EITHER the input capacitance of the op amp if a 
simple inverting op amp is being simulated OR it is the combined 
capacitance of the DAC output and the op amp input if the 
DAC buffer is being modeled. 



Equation 1. 


Figure 26b. Simplified Model of the AD712 Used as an 
Inverter 


Vo = zK 

IlN R(Cf + C x ) s 2 + 

w o 

where ^ = op amp’s unity gain frequency 
G n = “noise” gain of circuit fl + w-) 


This equation may then be solved for C f : 
Equation 2. 


r — _ ~ 4. 2VRC x a> 0 + (1 — G n ) 

f Ra> 0 R(0 o 

In these equations, capacitor Cx is the total capacitance appearing 
at the inverting terminal of the op amp. When modeling a DAC 
buffer application, the Norton equivalent circuit of Figure 26a 
can be used directly; capacitance C x is the total capacitance of 
the output of the DAC plus the input capacitance of the op amp 
(since the two are in parallel). 


& + RCf ) s+1 



Figure 26a. Simplified Model of the AD712 Used as a 
Current-Out DAC Buffer 


In either case, the capacitance C x causes the system to go from 
a one-pole to a two-pole response; this additional pole increases 
settling time by introducing peaking or ringing in the op amp 
output. Since the value of C x can be estimated with reasonable 
accuracy, Equation 2 can be used to choose a small capacitor, 
C F , to cancel the input pole and optimize amplifier response. 
Figure 27 is a graphical solution of Equation 2 for the AD712 
with R - 4kO. 



0 10 20 30 40 50 60 

C F 


Figure 27. Value of Capacitor C F vs. Value of C x 

The photos of Figures 28a and 28b show the dynamic response 
of the AD712 in the settling test circuit of Figure 29. 

The input of the settling time fixture is driven by a flat-top 
pulse generator. The error signal output from the false summing 
node of A1 is clamped, amplified by A2 and then clamped 
again. The error signal is thus clamped twice: once to prevent 
overloading amplifier A2 and then a second time to avoid over- 
loading the oscilloscope preamp. The Tektronix oscilloscope 
preamp type 7A26 was carefully chosen because it does not 
overload with these input levels. Amplifier A2 needs to be a 
very high-speed, FET-input op amp; it provides a gain of 10, 
amplifying the error signal output of Al. 
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Figure 28a. Settling Characteristics 0 to + 10V Step 
Upper Trace: Output of AD7 12 Under Test ( 5V/Div ) 
Lower Trace: Amplified Error Voltage (0.01%/Div) 


Figure 28b. Settling Characteristics 0 to - 10V Step 
Upper Trace: Output of AD7 12 Under Test ( 5V/Div ) 
Lower Trace: Amplified Error Voltage (0.01%/Div) 



Figure 29. Settling Time Test Circuit 


GUARDING 

The low input bias current (15pA) and low noise characteristics 
of the AD712 BiFET op amp make it suitable for electrometer 
applications such as photo diode preamplifiers and picoampere 
current-to- voltage converters. The use of a guarding technique 
such as that shown in Figure 30, in printed circuit board layout 
and construction is critical to minimize leakage currents. The 
guard ring is connected to a low impedance potential at the 
same level as the inputs. High impedance signal lines should not 
be extended for any unnecessary length on the printed circuit 
board. 

Plastic Mini-DIP (N) Package 
TO-99(H) Package and 

Cerdip (Q) Package 




Figure 30. Board Layout for Guarding Inputs 


D/A CONVERTER APPLICATIONS 

The AD712 is an excellent output amplifier for CMOS DACs. 

It can be used to perform both 2 quadrant and 4 quadrant operation. 
The output impedance of a DAC using an inverted R-2R ladder 
approaches R for codes containing many Is, 3R for codes containing 
a single 1 , and for codes containing all zero, the output impedance 
is infinite. 

For example, the output resistance of the AD7545 will modulate 
between llkO and 33kfl. Therefore, with the DAC’s internal 
feedback resistance of llkO, the noise gain will vary from 2 to 
4/3. This changing noise gain modulates the effect of the input 
offset voltage of the amplifier, resulting in nonlinear DAC- 
amplifier performance. 

The AD712K with guaranteed 700|xV offset voltage minimizes 
this effect to achieve 12-bit performance. 

Figures 31 and 32 show the AD712 and AD7545 (12-bit CMOS 
DAC) configured for unipolar binary (2-quadrant multiplication) 
or bipolar (4-quadrant multiplication) operation. Capacitor Cl 
provides phase compensation to reduce overshoot and ringing. 
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Vdd R2A* 



V DD R2B* 



Figures 33a and 33b show the settling time characteristics of the 
AD712 when used as a DAC output buffer for the AD7545. 



a. Full-Scale Positive b. Full-Scale Negative 

Transition Transition 


Figure 33. Settling Characteristics for AD7 12 with AD7545 
NOISE CHARACTERISTICS 

The random nature of noise, particularly in the 1/f region, makes 
it difficult to specify in practical terms. At the same time, designers 
of precision instrumentation require certain guaranteed maximum 
noise levels to realize the full accuracy of their equipment. 


Figure 31. Unipolar Binary Operation 



R1 and R2 calibrate the zero offset and gain error of the DAC. 
Specific values for these resistors depend upon the grade of 
AD7545 and are shown below. 


TRIM 

RESISTOR 

JN/AQ/SD 

KN/BQ/TD 

LN/CQ/UD 

GLN/GCQ/GUD 

R1 

500ft 

200ft 

100ft 

20ft 

R2 

150ft 

68ft 

33ft 

6.8ft 


Table I. Recommended Trim Resistor Values vs. Grades 
of the AD7545 for V DD = +5V 


The AD712C grade is specified at a maximum level of 4.0jxV 
p-p, in a 0.1 to 10Hz bandwidth. Each AD712C receives a 
100% noise test for two 10-second intervals; devices with any 
excursion in excess of 4.0|xV are rejected. The screened lot is 
then submitted to Quality Control for verification on an AQL 
basis. 

All other grades of the AD712 are sample-tested on an AQL 
basis to a limit of 6|xV p-p, 0. 1 to 10Hz. 

DRIVING THE ANALOG INPUT OF AN A/D 
CONVERTER 

An op amp driving the analog input of an A/D converter, such 
as that shown in Figure 34, must be capable of maintaining a 
constant output voltage under dynamically changing load condi- 
tions. In successive-approximation converters, the input current 
is compared to a series of switched trial currents. The comparison 
point is diode clamped but may deviate several hundred millivolts 
resulting in high frequency modulation of A/D input current. 
The output impedance of a feedback amplifier is made artificially 
low by the loop gain. At high frequencies, where the loop gain 
is low, the amplifier output impedance can approach its open 
loop value. Most IC amplifiers exhibit a minimum open loop 
output impedance of 25fl due to current limiting resistors. A 



Figure 34. AD712 as ADC Unity Gain Buffer 
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a. Source Current = 2mA b. Sink Current = 1mA 
Figure 35. ADC Input Unity Gain Buffer Recovery Times 


few hundred microamps reflected from the change in converter 
loading can introduce errors in instantaneous input voltage. If 
the A/D conversion speed is not excessive and the bandwidth of 
the amplifier is sufficient, the amplifier’s output will return to 
the nominal value before the converter makes its comparison. 
However, many amplifiers have relatively narrow bandwidth 
yielding slow recovery from output transients. The AD712 is 
ideally suited to drive high-speed A/D converters since it offers 
both wide bandwidth and high open-loop gain. 

DRIVING A LARGE CAPACITIVE LOAD 

The circuit in Figure 36 employs a 100H isolation resistor which 
enables the amplifier to drive capacitive loads exceeding 1500pF; 
the resistor effectively isolates the high frequency feedback from 
the load and stabilizes the circuit. Low frequency feedback is 
returned to the amplifier summing junction via the low pass 
filter formed by the 100D series resistor and the load capacitance, 
C L . Figure 37 shows a typical transient response for this 
connection. 

4.99kil 



2kll 1500pF -V s 

lOkll 1500pF 
20kit lOOOpF 


Figure 36. Circuit for Driving a Large Capacitive Load 
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Figure 37. Transient Response R L = 2kfl, C L = 500pF 
ACTIVE FILTER APPLICATIONS 

In active filter applications using op amps, the dc accuracy of 
the amplifier is critical to optimal filter performance. The am- 
plifier’s offset voltage and bias current contribute to output 
error. Offset voltage will be passed by the filter and may be 


amplified to produce excessive output offset. For low frequency 
applications requiring large value input resistors, bias currents 
flowing through these resistors will also generate an offset 
voltage. 

In addition, at higher frequencies, an op amp’s dynamics must 
be carefully considered. Here, slew rate, bandwidth, and open-loop 
gain play a major role in op amp selection. The slew rate must 
be fast as well as symmetrical to minimize distortion. The am- 
plifier’s bandwidth in conjunction with the filter’s gain will 
dictate the frequency response of the filter. 

The use of a high performance amplifier such as the AD712 will 
minimize both dc and ac errors in all active filter applications. 

SECOND ORDER LOW PASS FILTER 

Figure 38 depicts the AD712 configured as a second order But- 
terworth low pass filter. With the values as shown, the corner 
frequency will be 20kHz; however, the wide bandwidth of the 
AD712 permits a corner frequency as high as several hundred 
kilohertz. Equations for component selection are shown below. 


R1 = R2 = user selected (typical values: lOkfl - lOOkfl) 



Figure 38. Second Order Low Pass Filter 

An important property of filters is their out-of-band rejection. 
The simple 20kHz low pass filter shown in Figure 38, might be 
used to condition a signal contaminated with clock pulses or 
sampling glitches which have considerable energy content at 
high frequencies. 

The low output impedance and high bandwidth of the AD712 
minimize high frequency feedthrough as shown in Figure 39. 

The upper trace is that of another low-cost BiFET op amp 
showing 17dB more feedthrough at 5MHz. 



CENTER 5 000 000-0 Hi SPRN 10 000 000-0 Hi 

RBM 30 KHz VBM 30 KHz ST -8 SEC 


Figure 39. 
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9-POLE CHEBYCHEV FILTER 

Figure 40 shows the AD712 and its single counterpart, the 
AD711, as a 9-pole Chebychev filter using active frequency 
dependent negative resistors (FDNR). With a cutoff frequency 
of 50kHz and better than 90dB rejection, it may be used as an 
antialiasing filter for a 12-bit Data Acquisition System with 
100kHz throughput. 

As shown in Figure 40, the filter is comprised of four FDNRs 


(A, B, C, D) having values of 4.9395 x 10~ 15 and 5.9276 x 10~ 15 
farad-seconds. Each FDNR active network provides a two-pole 
response; for a total of 8 poles. The 9th pole consists of a 0.001 pF 
capacitor and a 124kO resistor at Pin 3 of amplifier A2. Figure 
41 depicts the circuits for each FDNR with the proper selection 
of R. To achieve optimal performance, the 0.00 l|xF capacitors 
must be selected for 1% or better matching and all resistors 
should have 1% or better tolerance. 




Figure 41. FDNR for 9-Pole Chebychev Filter 



Figure 42. High Frequency Response for 9-Pole 
Chebychev Filter 
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FEATURES 

Enhanced Replacement for LF347 and TL084 

AC PERFORMANCE 
Vs Settling to 0.01% for 10V Step 
20V/ ps Slew Rate 

0.0003% Total Harmonic Distortion (THD) 

4MHz Unity Gain Bandwidth 

DC PERFORMANCE 
0.5mV max Offset Voltage (AD713K) 

20pV/°C max Drift (AD713K) 

200V/mV min Open Loop Gain (AD713K) 

2 pV p-p typ Noise, 0.1Hz to 10Hz 
True 14-Bit Accuracy 

Single Version: AD711, Dual Version: AD712 
Available in 16-Pin SOIC, 14-Pin Plastic DIP 
and Hermetic 

Cerdip Packages and Chip Form 
MIL-STD-883B Processing Available 

APPLICATIONS 
Active Filters 

Quad Output Buffers for 12- and 14-Bit DACs 
Input Buffers for Precision ADCs 
Photo Diode Preamplifier Applications 

PRODUCT DESCRIPTION 

The AD713 is a quad operational amplifier, consisting of four 
AD711 BiFET op amps. These precision monolithic op amps 
offer excellent dc characteristics plus rapid settling times, high 
slew rates, and ample bandwidths. In addition, the AD713 
provides the close matching ac and dc characteristics inherent to 
amplifiers sharing the same monolithic die. 

The single-pole response of the AD713 provides fast settling: 

Vs to 0.01%. This feature, combined with its high dc preci- 
sion, makes it suitable for use as a buffer amplifier for 12- or 
14-bit DACs and ADCs. It is also an excellent choice for use in 
active filters in 12-, 14- and 16-bit data acquisition systems. 
Furthermore, the AD713’s low total harmonic distortion (THD) 
level of 0.0003% and very close matching ac characteristics make 
it an ideal amplifier for many demanding audio applications. 

The AD713 is internally compensated for stable operation at 
unity gain and is available in seven performance grades. The 
AD713J and AD713K are rated over the commercial tempera- 
ture range of 0 to +70°C. The AD713A and AD713B are rated 
over the industrial temperature of -40°C to +85°C. The 
AD713S and AD713T are rated over the military temperature 
range of -55°C to +125°C and are available processed to 
MIL-STD-883B, Rev. C. 


CONNECTION DIAGRAMS 


Plastic (N) and 

Cerdip (Q) Packages SOIC (R) Package 




2 


The AD713 is offered in a 16-pin SOIC, 14-pin plastic DIP and 

hermetic cerdip package, or in chip form. 

PRODUCT HIGHLIGHTS 

1. The AD713 is a high speed BiFET op amp that offers 
excellent performance at competitive prices. It upgrades the 
performance of circuits using op amps such as the TL074/ 
TL084, LT1058, LF347 and OPA404. 

2. Slew rate is 100% tested for a guaranteed minimum of 
16V/|xs (J, A and S Grades). 

3. The combination of Analog Devices’ advanced processing 
technology, laser wafer drift trimming and well-matched 
ion-implanted JFETs provides outstanding dc precision. In- 
put offset voltage, input bias current and input offset 
current are specified in the warmed-up condition and are 
100% tested. 

4. Very close matching of ac characteristics between the four 
amplifiers makes the AD713 ideal for high quality active 
filter applications. 
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AD713— SPECIFICATIONS 


(@ +25°C and ±15V dc, unless otherwise noted) 


Model 

Conditions 

Min 

AD713J/A/S 

Typ 

Max 

Min 

AD713K/B/T 

Typ 

Max 

Units 

INPUT OFFSET VOLTAGE 1 









Initial Offset 



0.3 

1.5 


0.2 

0.5 

mV 

Offset 

Tmin tO T„„ 


0.5 

2/2/2 


0.4 

0.7/0.7/1.0 

mV 

vs. Temp. 



5 



5 

20/20/15 

pV/°C 

vs. Supply 


78 

95 


84 

100 


dB 

vs. Supply 

Tmin tO T max 

76/76/76 

95 


84 

100 


dB 

Long-Term Stability 



15 



15 


[xV/month 

INPUT BIAS CURRENT 2 









Either Input 

V C M=0V 


40 

150 


40 

75 

pA 

Either Input 









@ T max = 70°C/85°C/125°C 

V CM =0V 



3.4/9.6/154 



1.7/4.8/77 

nA 

Either Input 

V CM = + 10V 


55 

200 


55 

120 

pA 

Offset Current 

V CM =0V 


10 

75 


10 

35 

pA 

Offset Current 









@ T max = 70°C/85°C/125°C 

V CM =0V 



1.7/4.8/77 



0.8/2.2/36 

nA 

MATCHING 









CHARACTERISTICS 









Input Offset Voltage 



0.5 

1.8 


0.4 

0.8 

mV 

Input Offset Voltage 

T mln to T max 


0.7 

2.3/2. 3/2.3 


0.6 

1.0/1. 0/1.3 

mV 

Input Offset Voltage Drift 



8 



6 

25 

|xV/°C 

Input Bias Current 



10 

100 


10 

35 

pA 

Crosstalk (See Figure 20) 

@ 1kHz 



-130 



-130 

dB 


@ 100kHz 



-95 



-95 

dB 

FREQUENCY RESPONSE 









Gain BW, Small Signal 

G=-l 

3 

4 


3.4 

4 


MHz 

Full Power Response 

V o =20V p-p 


200 



200 


kHz 

Slew Rate, Unity Gain 

G=-l 

16 

20 


18 

20 


V/fxs 

Settling Time to 0.01% 

G=-l (Fig. 23) 


1 

1.2 


1 

1.2 

|XS 

Total Harmonic Distortion 

f= 1kHz 








(See Figures 16 and 30) 

Rl>2kH 









V 0 =3V rms 


0.0003 



0.0003 


% 

INPUT IMPEDANCE 









Differential 



3xl0 12 ||5.5 



3 x 10 12 ||5.5 


HllpF 

Common Mode 



3xl0 12 ||5.5 



3 x 10 12 ||5.5 


a||pF 

INPUT VOLTAGE RANGE 









Differential 3 



±20 



±20 


V 

Common-Mode Voltage* 



+ 14.5,-11.5 



+ 14.5,-11.5 


V 

Tnun to T max 


-11 


+ 13 

-11 


+ 13 

V 

Common-Mode Rejection 









Ratio 

V CM =±10V 

78 

88 


84 

94 


dB 


T mi „ to 

76/76/76 

84 


82 

90 


dB 


> 

+1 

II 

> 8 

72 

84 


78 

90 


dB 


Tmi„ to T nlax 

70/70/70 

80 


74 

84 


dB 

INPUT VOLTAGE NOISE 

Noise 0. 1 to 10Hz 


2 



2 


|xV p-p 


f= 10Hz 


45 



45 


nV/ VHz 


f=100Hz 


22 



22 


nV/VHz 


f= 1kHz 


18 



18 


nV/VHz 


f=10kHz 


16 



16 


nW/VHz 

INPUT CURRENT NOISE 

f=lkHz 

O.O! 

0.01 

pA/VHz 

OPEN LOOP GAIN 

| 

+1 

ll 

> 









Rload— 2kO 

150 

400 


200 

400 


V/mV 


T m ,„ to T m 

100/100/100 



100 



V/mV 

OUTPUT 









CHARACTERISTICS 









Voltage 

Rload— 2kfl 

+13,-12.5 

+ 13.9,-13.3 


+13, 

-12.5 +13.9,-13.3 


V 


T mm to T„ 

±12/±12/±12 +13.8,-13.1 


±12 

+ 13.8,-13.1 


V 

Current 

Short Circuit 


25 



25 


mA 
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Model 

Conditions 

Min 

AD713J/A/S 

Typ 

Max 

Min 

AD713K/B/T 

Typ 

Max 

Units 

POWER SUPPLY 









Rated Performance 



±15 



±15 


V 

Operating Range 


±4.5 


±18 

±4.5 


±18 

V 

Quiescent Current 



10.0 

13.5 


10.0 

12.0 

mA 

TRANSISTOR COUNT 

# of Transistors 

i 120 

120 



NOTES 

1 Input Offset Voltage specifications are guaranteed after 5 minutes of operation at T A = +25°C. 

2 Bias Current Specifications are guaranteed maximum at either input after 5 minutes of operation at T A = +25°C. For higher temperature, the current doubles 
every 10°C. 

3 Defined as voltage between inputs, such that neither exceeds ±10V from ground. 

4 Typically exceeding -14.1V negative common-mode voltage on either input results in an output phase reversal. 

Specifications subject to change without notice. 

All min and max specifications are guaranteed. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 


ABSOLUTE MAXIMUM RATINGS 1 ’ 2 

Supply Voltage ±18V 

Internal Power Dissipation 2 

Input Voltage 3 ± 18V 

Output Short Circuit Duration 

(For One Amplifier) Indefinite 

Differential Input Voltage + V S and -V s 

Storage Temperature Range Q -65°C to +150°C 

Storage Temperature Range N -65°C to +125°C 

Operating Temperature Range 

AD713J/K 0 to +70°C 

AD713A/B -40°C to +85°C 

AD713S/T -55°C to + 125°C 

Lead Temperature Range (Soldering 60sec) +300°C 


NOTES 

‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

2 Thermal characteristics: 

14-pin plastic package: 0 JA = 100°C/W, 0 JC = 30°C/W 
14-pin cerdip package: 0 JA = 110°C/W; 0 JC = 30°C/W. 

3 For supply voltages less than ±18V, the absolute maximum input voltage is 
equal to the supply voltage. 


ORDERING GUIDE 


Model 1 

Temperature 

Range 

Package 

Description 

Package 

Option 2 

AD713JN 

Commercial 

0°C to +70°C 

14-Pin Plastic 
Mini-DIP 

N-14 

AD713JR 

Commercial 

0°C to +70°C 

16-Pin Plastic 
SOIC 

R-16 

AD713KN 

Commercial 

0°C to +70°C 

14-Pin Plastic 
Mini-DIP 

N-14 

AD713AQ 

Industrial 
-40°C to +85°C 

14-Pin Cerdip 

Q-14 

AD713BQ 

Industrial 
-40°C to +85°C 

14-Pin Cerdip 

Q-14 

AD713SQ 

Military 

-55°C to +125°C 

14-Pin Cerdip 

Q-14 

AD713SQ/883B 

Military 

-55°C to +125°C 

14-Pin Cerdip 

Q-14 

AD713TQ 

Military 

-55°C to +125°C 

14-Pin Cerdip 

Q-14 

AD713TQ/883B 

Military 

-55°C to +125°C 

14-Pin Cerdip 

Q-14 


NOTES 

U ‘J” and “S” grade chips are also available. 

2 N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 


METALIZATION PHOTOGRAPH 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


V OU T#1 v OUT #4 



o 112 

(2.840) 
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INPUT BIAS CURRENT - pA 


AD713 — Typical Characteristics 



Figure 1. Input Voltage Swing vs. Figure 2. Output Voltage Swing vs. Figure 3. Output Voltage Swing vs. 

Supply Voltage Supply Voltage Load Resistance 





Ik 10k 100k 1M 10M 

FREQUENCY - Hz 


Figure 4. Quiescent Current vs. Supply Figure 5. Input Bias Current vs. Figure 6. Output Impedance vs. 

Voltage Temperature Frequency, G = 1 



COMMON MODE VOLTAGE - Volts AMBIENT TEMPERATURE - °C TEMPERATURE - °C 


Figure 7. Input Bias Current vs. Figure 8. Short Circuit Current Limit Figure 9. Gain Bandwidth Product vs. 

Common Mode Voltage vs. Temperature Temperature 
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Figure 10. Open Loop Gain and Phase Figure 1 1. Open Loop Gain vs. Supply Figure 12. Power Supply Rejection vs. 
Margin vs. Frequency Voltage Frequency 



Figure 13. Common Mode Rejection Figure 14. Large Signal Frequency Figure 15. Output Swing and Error vs. 

vs. Frequency Response Settling Time 



Figure 16. Total Harmonic Distortion Figure 17. Input Noise Voltage Spectral Figure 18. Slew Rate vs. Input Error 

vs. Frequency Density Signal 
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Applying the AD713 


INPUT 

SIGNAL 

OR 

GROUND* 


^ ALL 4 AMPLIFIERS 
► 1kft ARE CONNECTED 


. AD713 H 

PIN 11 <o 


'Q0J 

Ism! 


*THE SIGNAL INPUT (1kHz SINEWAVE, 2 V p-p) IS APPLIED 
TO ONE AMPLIFIER AT A TIME. THE OUTPUTS OF THE OTHER 
THREE AMPLIFIERS ARE THEN MEASURED FOR CROSSTALK 


Figure 19. Crosstalk Test Circuit 


Ik 10k 

FREQUENCY - Hz 


Figure 20. Crosstalk vs. Frequency 



2kft > -p lOpF 
;ipF zt 0.1 »juF ^ 
















■■■■■■■■■ 










■■ 

.... 

_ 







- 


1 

’ 






MU 


7 





r 





/ 





\ 



- 


/ 





\ 
























5 

V 






IpS 

































- 


/ 




' 

i 





L 





\ 





L 





v 





1 





























5i 







ton 

>s 


Figure 21a. Unity Gain Follower 


Figure 21b. Unity Gain Follower 
Large Signal Pulse Response 


Figure 21c. Unity Gain Follower 
Small Signal Pulse Response 



5 

Figure 22a. Unity Gain Inverter 


Figure 22b. Unity Gain Inverter 
Large Signal Pulse Response 
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Figure 22c. Unity Gain Inverter 
Small Signal Pulse Response 
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MEASURING AD713 SETTLING TIME 

The photos of Figures 24 and 25 show the dynamic response of 
the AD713 while operating in the settling time test circuit of 
Figure 23. The input of the settling time fixture is driven by a 
flat-top pulse generator. The error signal output from the false 
summing node of Al, the AD713 under test, is clamped, ampli- 
fied by op amp A2 and then clamped again. 


TO TEKTRONIX r 



Figure 23. Settling Time Test Circuit 



Figure 24. Settling Characteristics 0 to + 10V Step. Upper 
Trace: Output of AD71 3 Under Test (5V/div). Lower Trace: 
Amplified Error Voltage (0.01%/div) 


The error signal is thus clamped twice: once to prevent over- 
loading amplifier A2 and then a second time to avoid overload- 
ing the oscilloscope preamp. A Tektronix oscilloscope preamp 
type 7A26 was carefully chosen because it recovers from the 
approximately 0.4 volt overload quickly enough to allow accu- 
rate measurement of the AD713’s 1/xs settling time. Amplifier 
A2 is a very high speed FET input op amp; it provides a voltage 
gain of 10, amplifying the error signal output of the AD713 
under test (providing an overall gain of 5). 



Figure 25. Settling Characteristics to - 10V Step. Upper 
Trace: Output of AD7 13 Under Test ( 5V/div ). Lower Trace: 
Amplified Error Voltage (0.01%/div) 


POWER SUPPLY BYPASSING 

The power supply connections to the AD713 must maintain a 
low impedance to ground over a bandwidth of 4MHz or more. 
This is especially important when driving a significant resistive 
or capacitive load, since all current delivered to the load comes 
from the power supplies. Multiple high quality bypass capacitors 
are recommended for each power supply line in any critical 
application. A 0.1 |xF ceramic and a IjjlF electrolytic capacitor as 
shown in Figure 26 placed as close as possible to the amplifier 
(with short lead lengths to power supply common) will assure 
adequate high frequency bypassing in most applications. A 
minimum bypass capacitance of 0.1 jjlF should be used for any 
application. 



Figure 26. Recommended Power Supply Bypassing 
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A HIGH SPEED INSTRUMENTATION AMPLIFIER 
CIRCUIT 

The instrumentation amplifier circuit shown in Figure 27 can 
provide a range of gains from unity up to 1000 and higher using 
only a single AD713. The circuit bandwidth is 1.2MHz at a gain 
of 1 and 250kHz at a gain of 10; settling time for the entire cir- 
cuit is less than 5|xs to within 0.01% for a 10 volt step, 

(G = 10). Other uses for amplifier A4 include an active data 
guard and an active sense input. 



1 — 

T? — 

PIN 4 

yO.VF 

Y v p 


t° 1,iF 


~^7 

__ AD713 
PIN 11 


•VOLTRONICS SP20 TRIMMER CAPACITOR 
OR EQUIVALENT 

'•RATIO MATCHED 1% METAL FILM RESISTORS 


Figure 27. A High Speed Instrumentation Amplifier Circuit 


Table I provides a performance summary for this circuit. The 
photo of Figure 28 shows the pulse response of this circuit for a 
gain of 10. 


Gain 

Rg 

Bandwidth 

T Settle (0.01%) 

1 

• NC 

1.2MHz 

2ps 

2 

20kH 

1.0MHz 

2jis 

10 

4.04kH 

0.25MHz 

5|xs 


Table I. Performance Summary for the High Speed 
Instrumentation Amplifier Circuit 



Figure 28. The Pulse Response of the High Speed 
Instrumentation Amplifier. Gain = 10 


A HIGH SPEED FOUR OP AMP CASCADED AMPLIFIER 
CIRCUIT 

Figure 29 shows how the four amplifiers of the AD713 may be 
connected in cascade to form a high gain, high bandwidth 
amplifier. This gain of 100 amplifier has a -3dB bandwidth 
greater than 600kHz. 



Figure 29. A High Speed Four Op Amp Cascaded 
Amplifier Circuit 


TO SPECTRUM ANALYZER »- 


Ikll 


O 

ERROR SIGNAL 
OUTPUT 
(ERROR/11) 

NULL 

ADJUST 10kn 



Figure 30. THD Test Circuit 


HIGH SPEED OP AMP APPLICATIONS AND 
TECHNIQUES 

DAC Buffers (I-to-V Converters) 

The wide input dynamic range of JFET amplifiers makes them 
ideal for use in both waveform reconstruction and digital-audio- 
DAC applications. The AD713, in conjunction with the AD1860 
DAC, can achieve 0.0016% THD (here at a 4fs or a 176.4kHz 
update rate) without requiring the use of a deglitcher. Just such 
a circuit is shown in Figure 31. The 470pF feedback capacitor 
used with IC2a, along with op amp IC2b and its associated com- 
ponents, together form a 3-pole low-pass filter. Each or all of 
these poles can be tailored for the desired attenuation and phase 
characteristics required for a particular application. In this appli- 
cation, one half of an AD713 serves each channel in a two- 
channel stereo system. 
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Figure 31. A D/A Con verier Circuit for Digital Audio 


















1 THD, OdB (g) 2.12V rms OUTPUT 

(FUNDAMENTAL NOTCH ATTENUATED 40d 

BCalkHz) 

[ 






JUj 





'Vv'fWAv' ^ 1 


15 10 15 20 

FREQUENCY - kHz 



Figure 33. The AD7 13 as an ADC Buffer 


Figure 32. Harmonic Distortion vs. Frequency for the 
Digital Audio Circuit of Figure 31 

Driving the Analog Input of an A/D Converter 

An op amp driving the analog input of an A/D converter, such 
as that shown in Figure 33, must be capable of maintaining a 
constant output voltage under dynamically changing load condi- 
tions. In successive approximation converters, the input current 
is compared to a series of switched trial currents. The compari- 
son point is diode clamped but may vary by several hundred 
millivolts, resulting in high frequency modulation of the A/D 
input current. The output impedance of a feedback amplifier is 
made artificially low by its loop gain. At high frequencies. 


where the loop gain is low, the amplifier output impedance can 
approach its open loop value. 

Most IC amplifiers exhibit a minimum open loop output imped- 
ance of 250, due to current limiting resistors. A few hundred 
microamps reflected from the change in converter loading can 
introduce errors in instantaneous input voltage. If the A/D 
conversion speed is not excessive and the bandwidth of the 
amplifier is sufficient, the amplifier’s output will return to the 
nominal value before the converter makes its comparison. How- 
ever, many amplifiers have relatively narrow bandwidths, yield- 
ing slow recovery from output transients. The AD713 is ideally 
suited as a driver for A/D converters since it offers both a wide 
bandwidth and a high open loop gain. 
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Figure 34. Buffer Recovery Time Source Current = 2mA Figure 37. Transient Response, R L =2kfi, C L = 500pF 



Figure 35. Buffer Recovery Time Sink Current = 1mA 


Driving A Large Capacitive Load 

The circuit of Figure 36 employs a 1000 isolation resistor which 
enables the amplifier to drive capacitive loads exceeding 1500pF; 
the resistor effectively isolates the high frequency feedback from 
the load and stabilizes the circuit. Low frequency feedback is 
returned to the amplifier summing junction via the low pass 
filter formed by the 1000 series resistor and the load capaci- 
tance, Cl. Figure 37 shows a typical transient response for this 
connection. 


4.99kil 



2kil 1500pF -V s 

lOkll 1500pF 
20kll lOOOpF 


Figure 36. Circuit for Driving a Large Capacitance Load 


Trim 

JN/AQ/ 

KN/BQ/ 

LN/CQ/ 

GLN/GCQ/ 

Resistor 

SD 

TD 

UD 

GUD 

R1 

5000 

2000 

1000 

200 

R2 

1500 

680 

330 

6.80 


Table II. Recommended Trim Resistor Values vs. Grades 
for AD7545 for V D = +5V 


CMOS DAC APPLICATIONS 

The AD713 is an excellent output amplifier for CMOS DACs. It 
can be used to perform both 2 and 4 quadrant operation. The 
output impedance of a DAC using an inverted R-2R ladder 
approaches R for codes containing many “l”s, 3R for codes 
containing a single “1” and infinity for codes containing all 
zeros. 

For example, the output resistance of the AD7545 will modulate 
between llkO and 33kO. Therefore, with the DAC’s internal 
feedback resistance of llkfl , the noise gain will vary from 2 to 
4/3. This changing noise gain modulates the effect of the input 
offset voltage of the amplifier, resulting in nonlinear DAC- 
amplifier performance. The AD713, with its guaranteed 1.5mV 
input offset voltage, minimizes this effect achieving 12-bit 
performance. 

Figures 38 and 39 show the AD713 and a 12-bit CMOS DAC, 
the AD7545, configured for either a unipolar binary (2-quadrant 
multiplication) or bipolar (4-quadrant multiplication) operation. 
Capacitor Cl provides phase compensation which reduces over- 
shoot and ringing. 


Vdd R2* 



DB11-DB0 


Figure 38. Unipolar Binary Operation 



•FOR VALUES OF R1 AND R2 
SEE TABLE II 


Figure 39. Bipolar Operation 
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AD713 



}T Yjf 

J CS WR DAC A/DAC I 




LOW 

(11/1 1/4 PASS 

HT AD713 OUTPUT 


J CS WR DAC A/DAC I 


CIRCUIT EQUATIONS 

Ci = C 2 , Rj = R 2 5 R 4 == R 5 


R3 Rf 
R 4 RfBBI 


A -- 5 f 
A °“ Rc 


Note: 

DAC equivalent resistance equals 
256 x (DAC Ladder resistance) 
DAC Digital Code 


Figure 40. A Programmable State Variable Filter Circuit 


FILTER APPLICATIONS 
A Programmable State Variable Filter 

For the state variable or universal filter configuration of Figure 
40 to function properly, DACs A1 and B1 need to control the 
gain and Q of the filter characteristic, while DACs A2 and B2 
must accurately track for the simple expression of f c to be true. 
This is readily accomplished using two AD7528 DACs and one 
AD713 quad op amp. Capacitor C3 compensates for the effects 
of op amp gain-bandwidth limitations. 

This filter provides low pass, high pass and band pass outputs 
and is ideally suited for applications where microprocessor con- 
trol of filter parameters is required. The programmable range 
for component values shown is f c = 0 to 15kHz and Q = 0.3 
to 4.5. 

GIC and FDNR FILTER APPLICATIONS 

The closely matched and uniform ac characteristics of the 
AD713 make it ideal for use in GIC (gyrator) and FDNR (fre- 


quency dependent negative resistor) filter applications. Figures 
41 and 43 show the AD713 used in two typical active filters. 
The first shows a single AD713 simulating two coupled induc- 
tors configured as a one-third octave bandpass filter. A single 
section of this filter meets ANSI class II specifications and han- 
dles a 7.07V rms signal with <0.002% THD (20Hz-20kHz). 

Figure 43 shows a 7-pole antialiasing filter for a 2x oversam- 
pling (88.2kHz) digital audio application. This filter has <0.05 
dB pass band ripple and 19.8 ±0.3(jls delay, dc-20kHz and will 
handle a 5V rms signal (V s = ±15V) with no overload at any 
internal nodes. 

The filter of Figure 41 can be scaled for any center frequency 
by using the formula: 


_U1_ 

c 2-rrRC 

Ci = C 2 = C3 — C 4 = c 
r 1 = r 2 = 4.76R 
R n = 4.32R 


NPUT Cl JL 

6800pF “T" 



V 

R3 

130011 ; 

Plr 


1 

[ R5^y 
;i3ooiU 

L Fr 

i/4^Y7v 

AD713 

{l£aD713 jT « 

> R7]( 

>130011 



_ C3 


C2 J 


6800pF-j 

- < 6.19kll 

'rn \ 

R4 S ^ 

7V 

130011 > J? 

V 



> R6 >> 

1/4 

S 13001 ll 

AD713xj/~ 



'^ X ^ D713 () 1 130011 ^ 



I O.lpF -j— IjjiF 

JT 

ZO.IpF ±1 1(xF 


R 3 = R4 = R5 = R6 = R7 = R 8 = R9 = Rl0 = R v y°^ F J '» F V Ap713 

s PIN 11 

Figure 41. A 1/3 Octave Filter Circuit 
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where all resistors and capacitors scale equally. Resistors If this is not practical, small lead capacitances (10-20pF) should 

R3— R8 should not be greater than 2kll in value, to prevent be added across R5 and R6. Figures 42 and 44 show the output 

parasitic oscillations caused by the amplifier’s input capacitance. amplitude vs. frequency of these filters. 



FREQUENCY - kH* 


Figure 42. Output Amplitude vs. Frequency of 1/3 Octave 
Filter 



Figure 44. Relative Output Amplitude vs. Frequency of 
Antialiasing Filter 



Figure 43. An Antialiasing Filter 
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ANALOG 

DEVICES 


High Performance 
Video Op Amp 

AD811 


FEATURES 
High Speed 

140 MHz Bandwidth (3 dB, G = +1) 

120 MHz Bandwidth (3 dB, G = +2) 

35 MHz Bandwidth (0.1 dB, G = +2) 

2500 V/ps Slew Rate 

25 ns Settling Time to 0.1% (For a 2 V Step) 

65 ns Settling Time to 0.01% (For a 10 V Step) 
Excellent Video Performance (R L =150 Cl) 

0.01% Differential Gain, 0.01° Differential Phase 
Voltage Noise of 1.9 nVVHz 
Low Distortion: THD = -74 dB @ 10 MHz 
Excellent DC Precision 
3 mV max Input Offset Voltage 
Flexible Operation 

Specified for ±5 V and ±15 V Operation 

±2.3 V Output Swing into a 75 D Load (V s = ±5 V) 

APPLICATIONS 

Video Crosspoint Switchers, Multimedia Broadcast 
Systems 

HDTV Compatible Systems 
Video Line Drivers, Distribution Amplifiers 
ADC/DAC Buffers 
DC Restoration Circuits 
Medical -Ultrasound, PET, Gamma & Counter 
Applications 

PRODUCT DESCRIPTION 

The AD811 is a wideband current-feedback operational ampli- 
fier, optimized for broadcast quality video systems. The -3 dB 
bandwidth of 120 MHz at a gain of +2 and differential gain and 
phase of 0.01% and 0.01° (R L = 150 Cl) make the AD811 an 
excellent choice for all video systems. The AD811 is designed to 
meet a stringent 0.1 dB gain flatness specification to a band- 
width of 35 MHz (G = +2) in addition to the low differential 
gain and phase errors. This performance is achieved whether 
driving one or two back terminated 75 Cl cables, with a low 


CONNECTION DIAGRAMS 

8-Pin Plastic (N-8) and 20-Pin LCC (E-20A) Package 
Cerdip (Q-8) Packages 

NC NCNC NCNC 
3 2 1 20 19 

NC 
-IN 
+IN 

-V s 

NC = NO CONNECT _\^ ^C NCNCNC 

NC = NO CONNECT 



16-Pin SOIC (R-16) Package 20-Pin SOIC (R-20) Package 



NC = NO CONNECT 


power supply current of 16.5 mA. Furthermore, the AD811 is 
specified over a power supply range of ±4.5 V to ±18 V. 

The AD811 is also excellent for pulsed applications where tran- 
sient response is critical. It can achieve a maximum slew rate of 
greater than 2500 V/|xs with a settling time of less than 25 ns to 
0.1% on a 2 volt step and 65 ns to 0.01% on a 10 volt step. 

The AD811 is ideal as an ADC or DAC buffer in data acquisi- 
tion systems due to its low distortion up to 10 MHz and its wide 
unity gain bandwidth. Because the AD811 is a current feedback 
amplifier, this bandwidth can be maintained over a wide range 
of gains. The AD811 also offers low voltage and current noise of 
1.9 nV/\/Hz and 20 pA/VHz, respectively, and excellent dc 
accuracy for wide dynamic range applications. 



SUPPLY VOLTAGE - ±Volts 



1M 10M 100M 


FREQUENCY - Hz 


This is an abridged version of the data sheet. To obtain a 
complete data sheet, contact your nearest sales office. 
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AD811 -SPECIFICATIONS 


(@ t a = +25°C and V s = ±15 V dc, R L0AD 


150 11 unless otherwise noted) 


Model 

Conditions 

V s 

AD811A 

Min Typ Max 

AD811S 1 

Min Typ Max 

Units 

DYNAMIC PERFORMANCE 






Small Signal Bandwidth (No Peaking) 






-3 dB 






G = +1 

R fb = 562 fl 

±15 V 

140 

140 

MHz 

G = +2 

R fb = 649 H 

±15 V 

120 

120 

MHz 

G = +2 

R fb = 562 a 

±5 V 

80 

80 

MHz 

G = +10 

R fb = 511 a 

±15 V 

100 

100 

MHz 

0.1 dB Flat 






G = +2 

R fb = 562 a 

±5 V 

25 

25 

MHz 


R fb = 649 a 

±15 V 

35 

35 

MHz 

Full Power Bandwidth 2 

Vout = 20 V p-p 

±15 V 

40 

40 

MHz 

Slew Rate 

Vout = 4 V p-p 

±5 V 

400 

400 

V/jjls 


v out = 20 V p-p 

±15 V 

2500 

2500 

V/fJIS 

Settling Time to 0.1% 

10 V Step, A v = — 1 

±15 V 

50 

50 

ns 

Settling Time to 0.01% 



65 

65 

ns 

Settling Time to 0.1% 

2 V Step, A v = - 1 

±5 V 

25 

25 

ns 

Rise Time, Fall Time 

R F b = 649, Ay = +2 

±15 V 

3.5 

3.5 

ns 

Differential Gain 

f = 3.58 MHz 

±15 V 

0.01 

0.01 

% 

Differential Phase 

f = 3.58 MHz 

±15 V 

0.01 

0.01 

Degree 

THD @ f c = 10 MHz 

Vout ~ 2 V p-p, Ay = +2 

±15 V 

-74 

-74 

dBc 

Third Order Intercept 3 

@ f c = 10 MHz 

±5 V 

36 

36 

dBm 



±15 V 

43 

43 

dBm 

INPUT OFFSET VOLTAGE 


±5 V, ±15 V 

0.5 3 

0.5 3 

mV 


Tmin t0 T M ax 


5 

5 

mV 

Offset Voltage Drift 



5 

5 

(j.V/°C 

INPUT BIAS CURRENT 






-Input 


±5 V, ±15 V 

2 5 

2 5 

|xA 


Tmin to T max 


15 

30 

jxA 

+ Input 


±5 V, ±15 V 

2 10 

2 10 

|xA 


Tmin t0 T MAX 


20 

25 

jxA 

TRANSRESISTANCE 

Tmin~Tmax 






Vout = ±10 V 






R L = oo 

±15 V 

0.75 1.5 

0.75 1.5 

MU 


r l = 200 a 

±15 V 

0.5 0.75 

0.5 0.75 

MCI 


V OUT =* ±2.5 V 






a 

o 

II 

>-) 

Pi 

±5 V 

0.25 0.4 

0.125 0.4 

MCI 

COMMON-MODE REJECTION 






V 0 s ( vs - Common Mode) 






Tmin-Tmax 

Vcm = ±2.5 

±5 V 

56 60 

50 60 

dB 

Tmin~T max 

Vcm= ±10 v 

±15 V 

60 66 

56 66 

dB 

Input Current (vs. Common Mode) 

Tmin~T M ax 


1 3 

1 3 

(jlA/V 

POWER SUPPLY REJECTION 

V s = ±4.5 V to ±18 V 





V os 

Tmin~T max 


60 70 

60 70 

dB 

+ Input Current 

Tmin~T max 


0.3 2 

0.3 2 

}xA/V 

-Input Current 

Tmin - Tmax 


0.4 2 

0.4 2 

|xA/V 

INPUT VOLTAGE NOISE 

f = 1 kHz 


L9 

1.9 

nV/\/Hz 

INPUT CURRENT NOISE 

f = 1 kHz 


20 

20 

pA/VHz 

OUTPUT CHARACTERISTICS 






Voltage Swing, Useful Operating Range 4 


±5 V 

±2.9 

±2.9 

V 



±15 V 

±12 

±12 

V 

Output Current 

Tj = +25°C 


100 

100 

mA 

Short-Circuit Current 



150 

150 

mA 

Output Resistance 

(Open Loop @ 5 MHz) 


11 

11 

n 

INPUT CHARACTERISTICS 






+ Input Resistance 



1.5 

1.5 

Mfi 

-Input Resistance 



14 

14 

n 

Input Capacitance 

+ Input 


'7.5 

7.5 

pF 

Common-Mode Voltage Range 


±5 V 

±3 

±3 

V 



±15 V 

±13 

±13 

V 

POWER SUPPLY 






Operating Range- 



±4.5 ±18 

±4.5 ±18 

V 

Quiescent Current 


±5 V 

14.5 16.0 

14.5 16.0 

mA 



±15 V 

16.5 18.0 

16.5 18.0 

mA 

TRANSISTOR COUNT 

# of Transistors 


40 

40 



NOTES 


^ee Analog Devices’ military data sheet for 883B tested specifications. 

2 FPBW = slew rate/(2 tt V peak ) 

3 Output power level, tested at a closed loop gain of two. 

4 Useful operating range is defined as the output voltage at which linearity begins to degrade. 


Specifications subject to change without notice.. 
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ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±18V 

Internal Power Dissipation 2 Observe Derating Curves 

Output Short Circuit Duration Observe Derating Curves 

Common-Mode Input Voltage ±V S 

Differential Input Voltage ±6 V 

Storage Temperature Range (Q) -65°C to +150°C 

Storage Temperature Range (N) -65°C to + 125°C 

Storage Temperature Range (R) -65°C to +125°C 

Operating Temperature Range 


AD811A -40°C to + 85°C 

AD811S — 55°C to +125°C 


Lead Temperature Range (Soldering 60 sec) +300°C 

NOTES 

Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2 8-Pin Plastic Package: 0 JA = 90°C/Watt 
8-Pin Cerdip Package: 0 JA = 110°C/Watt 
16-Pin SOIC Package: 0 JA = 85°C/Watt 
20-Pin SOIC Package: 0 JA = 80°C/Watt 
20-Pin LCC Package: 0 JA = 70°C/Watt 


ORDERING GUIDE 


Model 

Temperature Range 

Package* 

AD811AN 

-40°C to + 85°C 

N-8 

AD811AR-16 

-40°C to + 85°C 

R-16 

AD811AR-20 

-40°C to + 85°C 

R-20 

AD811SQ/883B 

-55°C to +125°C 

Q-8 

AD811SE/883B 

-55°C to +125°C 

E-20A 

AD811ACHIPS 

-40°C to +85°C 

Die 

AD811SCHIPS 

-55°C to + 125°C 

Die 


*E = Ceramic Leadless Chip Carrier; N = Plastic DIP; Q = Cerdip; 
R = Small Outline IC (SOIC). For outline information see Package 
Information section. 


MAXIMUM POWER DISSIPATION 

The maximum power that can be safely dissipated by the 
AD811 is limited by the associated rise in junction temperature. 
For the plastic packages, the maximum safe junction tempera- 
ture is 145°C. For the cerdip and LCC packages, the maximum 
junction temperature is 175°C. If these maximums are exceeded 
momentarily, proper circuit operation will be restored as soon as 
the die temperature is reduced. Leaving the device in the “over- 
heated” condition for an extended period can result in device 
burnout. To ensure proper operation, it is important to observe 
the derating curves in Figures 17 and 18. 

While the AD811 is internally short circuit protected, this may 
not be sufficient to guarantee that the maximum junction tem- 
perature is not exceeded under all conditions. One important 
example is when the amplifier is driving a reverse terminated 
75 fl cable and the cable’s far end is shorted to a power supply. 
With power supplies of ± 12 volts (or less) at an ambient tem- 
perature of +25°C or less, if the cable is shorted to a supply 
rail, then the amplifier will not be destroyed, even if this condi- 
tion persists for an extended period. 

ESD SUSCEPTIBILITY 

An ESD classification per method 3015.6 of MIL-STD-883C 
has been performed on the AD811, which is a Class 2 device. 
Using an IMCS 5000 automated ESD tester, all pins will pass at 
voltages up to and including 3,000 volts. 


METALIZATION PHOTOGRAPH 

Contact Factory for Latest Dimensions. 
Dimensions Shown in Inches and (mm). 
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AD81 1 —Typical Characteristics 



0 5 10 15 20 

SUPPLY VOLTAGE - ± Volts 

Figure 1. Input Common-Mode Voltage Range vs. Supply 



0 5 10 15 20 

SUPPLY VOLTAGE - ± Volts 

Figure 2. Output Voltage Swing vs. Supply 



10 100 Ik 10k 

LOAD RESISTANCE - Q 

Figure 3. Output Voltage Swing vs. Resistive Load 



-60 -40 -20 0 20 40 60 80 100 120 140 

JUNCTION TEMPERATURE - °C 


Figure 4. Quiescent Supply Current vs. Junction 
Temperature 



-60 -40 -20 0 20 40 60 80 100 120 140 

JUNCTION TEMPERATURE - °C 

Figure 5. Input Bias Current vs. Junction Temperature 



-60 -40 -20 0 20 40 60 80 100 120 140 

JUNCTION TEMPERATURE - °C 

Figure 6. Input Offset Voltage vs. Junction Temperature 
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□ ANALOG 
DEVICES 


AD827 


High Speed, Low Power 
Dual Op Amp 


FEATURES 
HIGH SPEED 

50 MHz Unity Gain Stable Operation 
300 V/ps Slew Rate 
120 ns Settling Time 
Drives Unlimited Capacitive Loads 

EXCELLENT VIDEO PERFORMANCE 

0.04% Differential Gain @ 4.4 MHz 
0.19° Differential Phase @ 4.4 MHz 

GOOD DC PERFORMANCE 
2 mV max Input Offset Voltage 
15 pV/°C Input Offset Voltage Drift 

LOW POWER 

Only 10 mA Total Supply Current for Both Amplifiers 
±5 V to ±15 V Supplies 


CONNECTION DIAGRAMS 


8-Pin Plastic (N) and Cerdip 
(Q) Packages 



v+ 

OUT2 

-IN2 

+IN2 


16-Pin Small Outline 
(R) Package 



PRODUCT DESCRIPTION 

The AD827 is a dual version of Analog Devices’ industry- 
standard AD847 op amp. Like the AD 847, it provides high 
speed, low power performance at low cost. The AD827 achieves 
a 300 V/|xs slew rate and 50 MHz unity-gain bandwidth while 
consuming only 100 mW when operating from ±5 volt power 
supplies. Performance is specified for operation using ±5 V to 
±15 V power supplies. 

The AD827 offers an open-loop gain of 3,500 V/V into 500 O 
loads. It also features a low input voltage noise of 15 nV/VHz, 
and a low input offset voltage of 2 mV maximum. Common- 
mode rejection ratio is a minimum of 80 dB. Power supply re- 
jection ratio is maintained at better than 20 dB with input fre- 
quencies as high as 1 MHz, thus minimizing noise feedthrough 
from switching power supplies. 

The AD827 is also ideal for use in demanding video applica- 
tions, driving coaxial cables with less than 0.04% differential 
gain and 0.19° differential phase errors for 643 mV p-p into a 
75 H reverse terminated cable. 

The AD827 is also useful in multichannel, high speed data con- 
version systems where its fast (120 ns to 0.1%) settling time is of 
importance. In such applications, the AD827 serves as an input 
buffer for 8-bit to 10-bit A/D converters and as an output ampli- 
fier for high speed D/A converters. 


APPLICATION HIGHLIGHTS 

1. Performance is fully specified for operation using ±5 V to 
±15 V supplies. 

2. A 0.04% differential gain and 0.19° differential phase error at 
the 4.4 MHz color subcarrier frequency, together with its 
low cost, make it ideal for many video applications. 

3. The AD827 can drive unlimited capacitive loads, while its 
30 mA output current allows 50 fl and 75 fl reverse- 
terminated loads to be driven. 

4. The AD827’s 50 MHz unity-gain bandwidth makes it an 
ideal candidate for multistage active filters. 

5. The AD827 is available in 8-pin plastic mini-DIP, cerdip, 
and 16-pin SOIC packages. Chips and MIL-STD-883B pro- 
cessing are also available. 
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AD827 — SPECIFICATIONS 


(@ T a = +25°C, unless otherwise noted) 


Model 

Conditions 

V s 

AD827J 

Min Typ Max 

AD827A/S 

Min Typ Max 

Units 

DC PERFORMANCE 






Input Offset Voltage 1 


±5 V 

0.5 2 

0.3 2 

mV 


Tmin tO T max 


3.5 

4 

mV 



±15 V 

4 

4 

mV 


Tmin tO T max 


6 

6 

mV 

Offset Voltage Drift 


±5 V to ±15 V 

15 

15 

(xV/°C 

Input Bias Current 


±5 Vto ±15 V 

3.3 7 

3.3 7 

|xA 


T^n to T max 


8.2 

9.5 

|xA 

Input Offset Current 


±5 V to ±15 V 

50 300 

50 300 

nA 


Trnin tO T max 


400 

400 

nA 

Offset Current Drift 


±5 Vto ±15 V 

0.5 

0.5 

nA/°C 

Common-Mode Rejection Ratio 

V CM =±2.5 V 

±5 V 

78 95 

80 95 

dB 


V cm =±12V 

±15 V 

78 95 

80 95 

dB 


T mi „ to T max 

±5 Vto ±15 V 

75 

75 

dB 

Power Supply Rejection Ratio 

! . 

±5 Vto ±15 V 

75 86 

75 86 

dB 


Tnu n tO T max 


72 

72 

dB 

Open-Loop Gain 







V 0 = ±2.5 V 

±5 V 





Rload = 500 a 


2 3.5 

2 3.5 

V/mV 


T min to T max 


1 

1 

V/mV 


Rload = 150 H 


1.6 

1.6 

V/mV 


V OUT =±10V 

±15 V 





R-LOAD = 1 


3 5.5 

3 5.5 

V/m V 


Tmin tO T max 


1.5 

1.5 

V/mV 

MATCHING CHARACTERISTICS 






Input Offset Voltage 


±5 V 

0.4 

0.2 

mV 

Crosstalk 

! f=5 MHz 

±5 V 

85 

85 

dB 

DYNAMIC PERFORMANCE 






Unity-Gain Bandwidth 


±5 V 

35 

35 

MHz 



±15 V 

50 

50 

MHz 

Full Power Bandwidth 2 

V 0 = 5 V p-p, 






^LOAD ~ 500 a 

±5 V 

12.7 

12.7 

MHz 


Vo = 20 V p-p, 






Rload = 1 kO 

±15 V 

4.7 

4.7 

MHz 

Slew Rate 3 

Rload ~ 500 a 

±5 V 

200 

200 

V/fis 


l^LOAD = 1 ka 

±15 V 

300 

300 

V/|xs 

Settling Time to 0.1% 

A v = -1 






-2.5 V to +2.5 V 

±5 V 

65 

65 

ns 


-5 V to +5 V 

±15 V 

120 

120 

ns 

Phase Margin 

Cload = 10 pF 

±15 V 





^LOAD = 1 ka 


50 

50 

Degrees 

Differential Gain Error 

f = 4.4 MHz 

±15 V 

0.04 

0.04 

% 

Differential Phase Error 

f = 4.4 MHz 

±15 V 

0.19 

0.19 

Degrees 

Input Voltage Noise 

f = 10 kHz 

±15 V 

15 

15 

nV/\/Hz 

Input Current Noise 

f = 10 kHz 

±15 V 

1.5 

1.5 

pA/\/Hz 

Input Common-Mode 






Voltage Range 


±5 V 

+4.3 

+4.3 

V 




-3.4 

-3.4 

V 



±15 V 

+ 14.3 

+ 14.3 

V 




-13.4 

-13.4 

V 

Output Voltage Swing 

Rload = 500 a 

±5 V 

3.0 3.6 

3.0 3.6 

±v 


Rload = 150 a 

±5 V 

2.5 3.0 

2.5 3.0 

±v 


R-load = 1 ka 

±15 V 

12 13.3 

12 13.3 

±v 


^LOAD ~ 500 a 

±15 V 

10 12.2 

10 12.2 

±v 

Short-Circuit Current Limit 


±5 Vto ±15 V 

32 

32 

mA 

INPUT CHARACTERISTICS 






Input Resistance 



300 

300 

ka 

Input Capacitance 



1.5 

1.5 

pF 

OUTPUT RESISTANCE 

Open Loop 


15 

15 

a 
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AD827 


Model 

Conditions 

Vs 

AD827J 

Min Typ Max 

AD827A/S 

Min Typ Max 

Units 

POWER SUPPLY 






Operating Range 



±4.5 ±18 

±4.5 ±18 

V 

Quiescent Current 


±5 V 

10 13 

10 13 

mA 


T mjn to T max 


16 

16.5/17.5 

mA 



±15 V 

10.5 13.5 

10.5 13.5 

mA 


Tmin to T max 


16.5 

17/18 

mA 

TRANSISTOR COUNT 



92 

92 



NOTES 

Offset voltage for the AD827 is guaranteed after power is applied and the device is fully warmed up. All other specifications are measured using high speed test 
equipment, approximately 1 second after power is applied. 

2 Full Power Bandwidth = Slew Rate/2Tr V PEAK . 

3 Gain = +1, rising edge. 

All min and max specifications are guaranteed. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±18V 

Internal Power Dissipation 2 

Plastic (N) Package (Derate at 10 mW/°C) 1.5 W 

Cerdip (Q) Package (Derate at 8.7 mW/°C) 1.3 W 

Small Outline (R) Package (Derate at 10 mW/°C) .... 1.5 W 

Input Common Mode Voltage ±V S 

Differential Input Voltage 6 V 

Output Short Circuit Duration 3 Indefinite 

Storage Temperature Range N, R -65°C to + 125°C 

Storage Temperature Range Q -65°C to + 150°C 

Operating Temperature Range 

AD827J 0 to +70°C 

AD827A -40°C to +85°C 

AD827S -55°C to +125°C 

Lead Temperature Range 

(Soldering to 60 sec) 300°C 

NOTES 


Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods may affect device reliability. 
2 Maximum internal power dissipation is specified so that Tj does not exceed 
+ 175°C at an ambient temperature of +25°C. Thermal Characteristics: 
Mini-DIP: 0 JA = 100°C/Watt, 0 JC = 33°C/Watt 
Cerdip: 0 JA = 110°C/Watt, 0 JC = 30°C/Watt 
16-Pin Small Outline Package: 0 JA = 100°C/Watt 
indefinite short circuit duration is only permissible as long as the absolute 
maximum power rating is not exceeded. 


ORDERING GUIDE 


Model 1 

Temperature Range 

Package Option 2 

AD827JN 

0 to + 70°C 

N-8 

AD827JR 

0 to +70°C 

R-16 

AD827AQ 

— 40°C to +85°C 

Q-8 

AD827SQ 

-55°C to + 125°C 

Q-8 

AD827SQ/883B 

-55°C to +125°C 

Q-8 


NOTES 

X “J” and“S” chips also available. 

2 N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 


MET ALIZ ATION PHOTOGRAPH 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 
Substrate is connected to V+. 
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QUIESCENT CURRENT - mA INPUT COMMON-MODE RANGE - Volts 


AD827 — Typical Characteristics (@ +25°C & ±15 V, unless otherwise noted) 



SUPPLY VOLTAGE ± Volts 


Figure 1. Input Common-Mode 
Range vs. Supply Voltage 



0 5 10 15 20 

SUPPLY VOLTAGE ± Volts 

Figure 2. Output Voltage Swing vs. 
Supply Voltage 



LOAD RESISTANCE - Q 


Figure 3. Output Voltage Swing vs. 
Load Resistance 



SUPPLY VOLTAGE ± Volts 


Figure 4. Quiescent Current vs. 
Supply Voltage 



-60 -40 -20 0 20 40 60 80 100 120 140 


TEMPERATURE - °C 

Figure 1. Quiescent Current vs. 
Temperature 



-60 -40 -20 0 20 40 60 80 100 120 140 


TEMPERATURE - °C 

Figure 5. Input Bias Current vs. 
Temperature 



-60 - 40 - 20 0 20 40 60 80 100 120 140 

AMBIENT TEMPERATURE - °C 

Figure 8. Short-Circuit Current Limit 
vs. Temperature 



10k 100k 1M 10M 100M 

FREQUENCY - Hz 

Figure 6. Closed-Loop Output 
Impedance vs. Frequency, 

Gain = -hi 



Figure 9. Gain Bandwidth vs. 
Temperature 
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100 Ik 10k 100k 1M 10M 100M 

FREQUENCY -Hz 


100 Ik 

LOAD RESISTANCE -Q 


100k 1M 

FREQUENCY -Hz 


Figure 10. Open -Loop Gain and 
Phase Margin vs. Frequency 


Figure 11. Open-Loop Gain vs. 
Load Resistance 


Figure 12. Power Supply Rejection 
Ratio vs. Frequency 





Figure 13. Common-Mode 
Rejection Ratio vs. Frequency 


Figure 14. Large Signal Frequency 
Response 


Figure 15. Output Swing and Error 
vs. Settling Time 





1k 10 k 100k 1M 10M -60 - 40 - 20 0 20 40 60 80 100 120 140 

FREQUENCY - Hz TEMPERATURE - °C 


Figure 16. Harmonic Distortion vs. 
Frequency 


Figure 17. Input Voltage Noise 
Spectral Density 


Figure 18. Slew Rate vs. 
Temperature 
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Figure 19. Crosstalk vs. Frequency 


INPUT PROTECTION PRECAUTIONS 

An input resistor (resistor R INr of Figure 21a) is recommended 
in circuits where the input common-mode voltage to the AD827 
may exceed (on a transient basis) the positive supply voltage. 
This resistor provides protection for the input transistors by lim- 
iting the maximum current that can be forced into their bases. 


For high performance circuits, it is recommended that a second 
resistor (R B in Figures 21a and 22a) be used to reduce bias- 
current errors by matching the impedance at each input. This 
resistor reduces the error caused by offset voltages by more than 
an order of magnitude. 



Figure 21a. Follower Connection 


Figure 21b. Follower Large Signal 
Pulse Response 


Figure 21c. Follower Small Signal 
Pulse Response 



Figure 22a. Inverter Connection 


Figure 22b. Inverter Large Signal 
Pulse Response 


Figure 22c. Inverter Small Signal 
Pulse Response 
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Applications— AD827 


+v s 



Figure 23. A Video Line Driver 


VIDEO LINE DRIVER 

The AD827 functions very well as a low cost, high speed line 
driver for either terminated or unterminated cables. Figure 23 
shows the AD827 driving a doubly terminated cable in a fol- 
lower configuration. 

The termination resistor, R T , (when equal to the cable’s charac- 
teristic impedance) minimizes reflections from the far end of the 
cable. While operating from ±5 V supplies, the AD827 main- 
tains a typical slew rate of 200 V/|xs, which means it can drive a 
±1 V, 30 MHz signal into a terminated cable. 


A HIGH SPEED 3 OP AMP INSTRUMENTATION 
AMPLIFIER CIRCUIT 

The instrumentation amplifier circuit shown in Figure 24 can 
provide a range of gains. The chart of Table II details 
performance. 



Figure 24. A High Bandwidth Three Op Amp Instrumenta- 
tion Amplifier 


Video Line Driver Performance Summary 


V * 

V IN 

^SUPPLY 

C c 

-3 dB B w 

Over- 

shoot 

0 dB or ±500 mV Step 

±15 

20 pF 

23 MHz 

4% 

0 dB or ±500 mV Step 

±15 

15 pF 

21 MHz 

0% 

0 dB or ±500 mV Step 

±15 

OpF 

13 MHz 

0% 

0 dB or ±500 mV Step 

±5 

20 pF 

18 MHz 

2% 

0 dB or ±500 mV Step 

±5 

15 pF 

16 MHz 

0% 

0 dB or ±500 mV Step 

±5 

OpF 

11 MHz 

0% 


NOTE 

*-3 dB bandwidth numbers are for the 0 dBm signal input. Overshoot num- 
bers are the percent overshoot of the 1 Volt step input. 


Table I. Video Line Driver Performance Chart 


Gain 

r g 

Small Signal 

Bandwidth 

@ 1 V p-p Output 

1 

Open 

16.1 MHz 

2 

2 k 

14.7 MHz 

10 

226 0 

4.9 MHz 

100 

20 0 

660 kHz 


Table II. Performance Specifications for the Three Op 
Amp Instrumentation Amplifier 


A back-termination resistor (R BT , also equal to the characteristic 
impedance of the cable) may be placed between the AD827 out- 
put and the cable input, in order to damp any reflected signals 
caused by a mismatch between R T and the cable’s characteristic 
impedance. This will result in a flatter frequency response, 
although this requires that the op amp supply ±2 V to the out- 
put in order to achieve a ±1 V swing at resistor R T . 
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AD827 


A TWO-CHIP VOLTAGE-CONTROLLED AMPLIFIER 
(VCA) WITH EXPONENTIAL RESPONSE 

Voltage-controlled amplifiers are often used as building blocks 
in automatic gain control systems. Figure 25 shows a two-chip 
VCA built using the AD827 and the AD539, a dual, current- 
output multiplier. As configured, the circuit has its two multi- 
pliers connected in series. They could also be placed in parallel 
with an increase in bandwidth and a reduction in gain. The gain 
of the circuit is controlled by V x , which can range from 0 to 
3 V dc. Measurements show that this circuit easily supplies 2 V 
p-p into a 100 ft load while operating from ±5 V supplies. The 
overall bandwidth of the circuit is approximately 7 MHz with 
0.5 dB of peaking. 

Each half of the AD827 serves as an I/V converter and converts 
the output current of one of the two multipliers in the AD539 
into an output voltage. Each of the AD539’s two multipliers 
contains two internal 6 kft feedback resistors; one is connected 
between the CHI output and Zl, the other between the CHI 
output and Wl. Likewise, in the CH2 multiplier, one of the 
feedback resistors is connected between CH2 and Z2 and the 
other is connected between CH2 and 21. In Figure 25, Zl and 
Wl are tied together, as are Z2 and W2, providing a 3 kft feed- 
back resistor for the op amp. The 2 pF capacitors connected 
between the AD539’s Wl and CHI and W2 and CH2 pins are 
in parallel with the feedback resistors and thus reduce peaking 
in the VCA’s frequency response. Increasing the values of C3 
and C4 can further reduce the peaking at the expense of reduced 


bandwidth. The 1.25 mA full-scale output current of the AD539 
and the 3 kft feedback resistor set the full-scale output voltage 
of each multiplier at 3.25 V p-p. 

Current limiting in the AD827 (typically 30 mA) limits the out- 
put voltage in this application to about 3 V p-p across a 100 ft 
load. Driving a 50 ft reverse-terminated load divides this value 
by two, limiting the maximum signal delivered to a 50 ft load to 
about 1.5 V p-p, which suffices for video signal levels. The dy- 
namic range of this circuit is approximately 55 dB and is prima- 
rily limited by feedthrough at low input levels and by the maxi- 
mum output voltage at high levels. 

Guidelines for Grounding and Bypassing 

When designing practical high frequency circuits using the 
AD827, some special precautions are in order. Both short inter- 
connection leads and a large ground plane are needed whenever 
possible to provide low resistance, low inductance circuit paths. 
One should remember to minimize the effects of capacitive cou- 
pling between circuits. Furthermore, IC sockets should be 
avoided. Feedback resistors should be of a low enough value 
that the time constant formed with stray circuit capacitances at 
the amplifier summing junction will not limit circuit perfor- 
mance. As a rule of thumb, use feedback resistor values that are 
less than 5 kft. If a larger resistor value is necessary, a small 
(< 10 pF) feedback capacitor in parallel with the feedback resis- 
tor may be used. The use of 0.1 fxF ceramic disc capacitors is 
recommended for bypassing the op amp’s power supply leads. 



V OUT AT termination resistor, r t = 

V 2 V 

Vout AT PIN & OF AD827 = ^ 

4V 2 

Figure 25. A Wide Range 


v 2 v 

V X V IN 

8V 2 


Voltage-Controlled Amplifier Circuit 
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ANALOG 

DEVICES 


High Speed, Low Noise Video Op Amp 
_ AD829 


FEATURES 
High Speed 

120 MHz Bandwidth, Gain = -1 

230 V/ps Slew Rate 

90 ns Settling Time to 0.1% 

Ideal for Video Applications 

0.02% Differential Gain 
0.04° Differential Phase 
Low Noise 

2 nV/VRz Input Voltage Noise 
1.5 pA/Vfiz Input Current Noise 
Excellent DC Precision 

1 mV max Input Offset Voltage (Over Temp) 

0.3 pV/°C Input Offset Drift 
Flexible Operation 

Specified for ±5 V to ±15 V Operation 
±3 V Output Swing into a 150 H Load 
External Compensation for Gains 1 to 20 
5 mA Supply Current 

PRODUCT DESCRIPTION 

The AD829 is a low noise (2 nVA/Hz), high speed op amp with 
custom compensation that provides the user with gains from ± 1 
to ±20 while maintaining a bandwidth greater than 50 MHz. 
The AD829’s 0.04° differential phase and 0.02% differential gain 
performance at 3.58 MHz and 4.43 MHz, driving reverse- 
terminated 50 Cl or 75 Cl cables, makes it ideally suited for pro- 
fessional video applications. The AD829 achieves its 230 V/(xs 
uncompensated slew rate and 750 MHz gain bandwidth product 
while requiring only 5 mA of current from the power supplies. 

The AD829’s external compensation pin gives it exceptional ver- 
satility. For example, compensation can be selected to optimize 
the bandwidth for a given load and power supply voltage. As a 
gain-of-two line driver, the -3 dB bandwidth can be increased 
to 95 MHz at the expense of 1 dB of peaking. In addition, the 
AD829’s output can also be clamped at its external compensa- 
tion pin. 

The AD829 has excellent dc performance. It offers a minimum 
open-loop gain of 30 V/mV into loads as low as 500 O, low in- 
put voltage noise of 2 nVA/Hz, and a low input offset voltage 
of 1 mV maximum. Common-mode rejection and power supply 
rejection ratios are both 120 dB. 

The AD829 is also useful in multichannel, high speed data con- 
version where its fast (90 ns to 0.1%) settling time is of impor- 
tance. In such applications, the AD829 serves as an input buffer 
for 8-to- 10-bit A/D converters and as an output I/V converter 
for high speed D/A converters. 


CONNECTION DIAGRAM 


8-Pin Plastic Mini-DIP (N), 
Cerdip (Q) and SOIC (R) Packages 



OFFSET 

NULL 

+V S 

OUTPUT 

C COMP 


The AD829 provides many of the same advantages that a trans- 
impedance amplifier offers, while operating as a traditional volt- 
age feedback amplifier. A bandwidth greater than 50 MHz can 
be maintained for a range of gains by changing the external 
compensation capacitor. The AD829 and the transimpedance 
amplifier are both unity gain stable and provide similar voltage 
noise performance (2 nV/\/Hz). However, the current noise of 
the AD829 (1.5 pAA/Hz) is less than 10% of the noise of trans- 
impedance amps. Furthermore, the inputs of the AD829 are 
symmetrical. 

PRODUCT HIGHLIGHTS 

1. Input voltage noise of 2 nV/VHz, current noise of 1.5 
pA/\/Hz and 50 MHz bandwidth, for gains of 1 to 20, make 
the AD829 an ideal preamp. 

2. Differential phase error of 0.04° and a 0.02% differential gain 
error, at the 3.58 MHz NTSC and 4.43 MHz PAL and 
SECAM color subcarrier frequencies, make it an outstanding 
video performer for driving reverse-terminated 50 Cl and 

75 Cl cables to ±1 V (at their terminated end). 

3. The AD829 can drive heavy capacitive loads. 

4. Performance is fully specified for operation from ±5 V to 
±15 V supplies. 

5. Available in plastic, cerdip, and small outline packages. 

Chips and MIL-STD-883B parts are also available. 
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AD829 —SPECIFICATIONS 


±15 V tic, unless otherwise noted) 


Model 

Conditions 

V s 

AD829J 

Min Typ Max 

AD829A/S 

Min Typ Max 

Units 

INPUT OFFSET VOLTAGE 


±5 V, ±15 V 

0.2 1 

0.1 0.5 

mV 


T mi „ to T max 


1 

0.5 

mV 

Offset Voltage Drift 


±5 V, ±15 V 

0.3 

0.3 

^vrc 

INPUT BIAS CURRENT 


±5 V, ±15 V 

3.3 7 

3.3 7 

|xA 


T^n tO T max 


8.2 

9.5 

julA 

INPUT OFFSET CURRENT 


±5 V, ±15 V 

50 500 

50 500 

nA 


T_ to T„ 


500 

500 

nA 

Offset Current Drift 


±5 V, ±15 V 

0.5 

0.5 

nA/°C 

OPEN-LOOP GAIN 

Vo = ±2.5 V 

±5 V 





^load = 500 g 


30 65 

30 65 

V/mV 


T^n to T max 


20 

20 

V/mV 


Rload = 150 O 


40 

40 

V/mV 


V OU T= ±10V 

±15 V 





R-LOAD = 1 kG 


50 100 

50 100 

V/mV 


T^n to T max 


20 

20 

V/mV 


^LOAD = 500 G 


85 

85 

V/mV 

DYNAMIC PERFORMANCE 






Gain Bandwidth Product 


±5 V 

600 

600 

MHz 



±15 V 

750 

750 

MHz 

Full Power Bandwidth 1, 2 

V 0 = 2 V p-p 






■^■LOAD = 500 G 

±5 V 

25 

25 

MHz 


Vo = 20 V p-p 






RlOAD = 1 kG 

±15 V 

3.6 

3.6 

MHz 

Slew Rate 2 

^■LOAD = 500 g 

±5 V 

150 

150 

V/(JLS 


RlOAD = 1 kG 

±15 V 

230 

230 

V/(JLS 

Settling Time to 0.1% 

A v = -19 






-2.5 V to +2.5 V 

±5 V 

65 

65 

ns 


10 V Step 

±15 V 

90 

90 

ns 

Phase Margin 2 

Cload ^ 10 pF 

±15 V 





Rload = 1 kG 


60 

60 

Degrees 

DIFFERENTIAL GAIN ERROR 3 

^■LOAD = 100 fl 

±15 V 





Ccomp = 30 pF 


0.02 

0.02 

% 

DIFFERENTIAL PHASE ERROR 3 

Rload = 100 Cl 

±15 V 





Ccomp = 50 pF 


0.04 

0.04 

Degrees 

COMMON-MODE REJECTION 

V CM = ±2.5 V 

±5 V 

100 120 

100 120 

dB 


V CM = ±12 V 

±15 V 

100 120 

100 120 

dB 


T min to T max 


96 

96 

dB 

POWER SUPPLY REJECTION 

V s = ±4.5 V to ±18 V 


98 120 

98 120 

dB 


T mi n to T max 


94 

94 

dB 

INPUT VOLTAGE NOISE 

f - 1 kHz 

±15 V 

2 

2 

nV/VHz 

INPUT CURRENT NOISE 

f = 1 kHz 

±15 V 

1.5 

1.5 

pA/\/Hz 

INPUT COMMON-MODE 






VOLTAGE RANGE 


±5 V 

+4.3 

+4.3 

V 




-3.8 

-3.8 

V 



±15 V 

+ 14.3 

+ 14.3 

V 




-13.8 

-13.8 

V 

OUTPUT VOLTAGE SWING 

l^LOAD = 500 fl 

±5 V 

3.0 3.6 

3.0 3.6 

±v 


l^LOAD = 150 fl 

±5 V 

2.5 3.0 

2.5 3.0 

±v 


l^LOAD = 50 fl 

±5 V 

1.4 

1.4 

±v 


&LOAD = 1 kfl 

±15 V 

12 13.3 

12 13.3 

±v 


^LOAD = 500 fl 

±15 V 

10 12.2 

10 12.2 

±v 

Short Circuit Current 


±5 V, ±15 V 

32 

32 

mA 

INPUT CHARACTERISTICS 






Input Resistance (Differential) 



13 

13 

kfl 

Input Capacitance (Differential) 4 



5 

5 

pF 

Input Capacitance (Common Mode) 



1.5 

1.5 

pF 

CLOSED-LOOP OUTPUT 






RESISTANCE 

A v = +1, f = 1 kHz 


2 

2 

MG 
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Model 

Conditions 

V s 

AD829J 

Min Typ Max 

AD829 A/S 

Min Typ Max 

Units 

POWER SUPPLY 






Operating Range 



±4.5 ±18 

±4.5 ±18 

V 

Quiescent Current 


±5 V 

5 6.5 

5 6.5 

mA 


T min to T max 


8.0 

8.2/8. 7 

mA 



±15 V 

5.3 6.8 

5.3 6.8 

mA 


T min to T max 


8.3 

8. 5/9.0 

mA 

TRANSISTOR COUNT 

Number of Transistors 


46 

46 



NOTES 

'Full Power Bandwidth = Slew Rate/2 tt V peak . 

2 Tested at Gain = +20, C COM p = 0 pF. 

3 3.58 MHz (NTSC) and 4.43 MHz (PAL & SECAM). 

4 Differential input capacitance consists of 1.5 pF package capacitance plus 3.5 pF from the input differential pair. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±18V 

Internal Power Dissipation 2 

Plastic (N) 1.3 Watts 

Small Outline (R) 0.9 Watts 

Cerdip(Q) 1.3 Watts 

Input Voltage ±Vs 

Differential Input Voltage 3 ±6 Volts 

Output Short Circuit Duration Indefinite 

Storage Temperature Range Q -65°C to +150°C 

Storage Temperature Range N, R -65°C to +125°C 

Operating Temperature Range 

AD829J 0 to +70°C 

AD829A -40°C to +85°C 

AD829S -55°C to +125°C 

Lead Temperature Range (Soldering 60 sec) + 300°C 


NOTES 

'Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2 Maximum internal power dissipation is specified so that T, does not exceed 
+ 175°C at an ambient temperature of +25°C. 

Thermal characteristics: 

8-pin plastic package: 0 JA = 100°C/watt (derate at 8.7 mW/°C) 

8-pin cerdip package: 0 JA = 110°C/watt (derate at 8.7 mW/°C) 

8-pin small outline package: 0 JA = 155°C/watt (derate at 6 mW/°C). 

3 If the differential voltage exceeds 6 volts, external series protection resistors 
should be added to limit the input current. 


MET ALIZ ATION PHOTO 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


NULL NULL 



— 0.067 

( 1 . 70 ) 

SUBSTRATE CONNECTED 
TO +V S 


ORDERING GUIDE 


Model 

Temperature 

Range 

Package 

Description 

Package 
Options 1, 2 

AD829JN 

0 to +70°C 

8-Pin Plastic Mini-DIP 

N-8 

AD829JR 3 

0 to +70°C 

8-Pin Plastic SOIC 

R-8 

AD829AQ 

-40°C to +85°C 

8-Pin Cerdip 

Q-8 

AD829SQ 

-55°C to +125°C 

8-Pin Cerdip 

Q-8 

AD829SQ/883B 

-55°C to +125°C 

8-Pin Cerdip 

Q-8 


NOTES 

'N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline information 
see Package Information section. 

2 J grade chips also available. 

3 Available in tape and reel packaging. 
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QUIESCENT CURRENT - mA 


AD829 — Typical Performance Characteristics 



SUPPLY VOLTAGE - ±Volt8 


SUPPLY VOLTAGE - ±Volts 


LOAD RESISTANCE - Ohms 


Figure 1. Input Common-Mode 
Range vs. Supply Voltage 


Figure 2. Output Voltage Swing vs. 
Supply Voltage 


Figure 3. Output Voltage Swing vs. 
Resistive Load 




Figure 4. Quiescent Current vs. Figure 5. Input Bias Current vs. Figure 6. Closed-Loop Output Im- 

Supply Voltage Temperature pedance vs. Frequency 



TEMPERATURE - *C AMBIENT TEMPERATURE - *C TEMPERATURE - *C 


Figure 7. Quiescent Current vs. Figure 8. Short Circuit Current Figure 9. -3 dB Bandwidth vs. 

Temperature Limit vs. Temperature Temperature 


2-56 OPERATIONAL AMPLIFIERS 


REV. 0 









AD829 



FREQUENCY - Hz 



LOAD RESISTANCE - ft 



FREQUENCY - Hz 


Figure 10. Open-Loop Gain & Phase Figure 1 1. Open-Loop Gain vs. Figure 12. Power Supply Rejection 

Margin vs. Frequency Resistive Load Ratio ( PSRR ) vs. Frequency 



Ik 10k 100k 1M 10M 100M 


FREQUENCY - Hz 

Figure 13. Common-Mode Rejec- 
tion Ratio vs. Frequency 


30 



1 10 100 
INPUT FREQUENCY - MHz 

Figure 14. Large Signal Frequency 
Response 



0 20 40 60 80 100 120 140 160 


SETTLING TIME - ns 

Figure 15. Output Swing & Error vs. 
Settling Time 



Figure 16. Total Harmonic Distor- 
tion (THD) vs. Frequency 


Figure 17. 2nd & 3rd Harmonic 
Distortion vs. Frequency 


Figure 18. Input Voltage Noise 
Spectral Density 
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SLEW RATE - Volts / ps 


AD829 




Figure 19. Slew Rate vs. Temperature 


Figure 20. Differential Gain & Phase 
vs. Supply 


Figure 21. Offset Null and External 
Shunt Compensation Connections 



Figure 22a. Follower Connection. Gain = +2 



Figure 22b. Gain of 2 Follower Figure 22c. Gain of 2 Follower 

Large Signal Pulse Response Small Signal Pulse Response 
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Figure 23b. Gain of 20 Follower Figure 23c. Gain of 20 Follower 

Large Signal Pulse Response Small Signal Pulse Response 

5pF 




Figure 24b. Unity Gain Inverter Figure 24c. Unity Gain Inverter 

Large Signal Pulse Response Small Signal Pulse Response 


REV. 0 


OPERATIONAL AMPLIFIERS 2-59 





AD829 


THEORY OF OPERATION 

The AD829 is fabricated on Analog Devices’ proprietary com- 
plementary bipolar (CB) process which provides PNP and NPN 
transistors with similar f T s of 600 MHz. As shown in Figure 25, 
the AD829 input stage consists of an NPN differential pair in 
which each transistor operates at 600 pA collector current. This 
gives the input devices a high transconductance and hence gives 
the AD829 a low noise figure of 2 nV/Hz @ 1 kHz. 

The input stage drives a folded cascode which consists of a fast 
pair of PNP transistors. These PNPs then drive a current mirror 
which provides a differential-input to single-ended-output con- 
version. The high speed PNPs are also used in the current- 
amplifying output stage which provides high current gain of 
40,000. Even under conditions of heavy loading, the high f x s 
of the NPN & PNPs, produced using the CB process, permit 
cascading two stages of emitter followers while still maintaining 
60° of phase margin at closed-loop bandwidths greater than 
50 MHz. 

Two stages of complementary emitter followers also effectively 
buffer the high impedance compensation node (at the C COM p 
pin) from the output so that the AD829 can maintain a high dc 
open-loop gain, even into low load impedances: 92 dB into a 
150 ft load, 100 dB into a 1 kfl load. Laser trimming and 
PTAT biasing assure low offset voltage and low offset voltage 
drift enabling the user to eliminate ac coupling in many 
applications. 

For added flexibility, the AD829 provides access to the internal 
frequency compensation node. This allows the user to customize 
frequency response characteristics for a particular application. 

Unity gain stability requires a compensation capacitance of 
68 pF (Pin 5 to ground) which will yield a small signal band- 
width of 66 MHz and slew rate of 16 V/|xs. The slew rate and 
gain bandwidth product will vary inversely with compensation 
capacitance. Table I and the graph of Figure 28 show the opti- 
mum compensation capacitance and the resulting slew rate for a 
desired noise gain. For gains between 1 and 20, C COM p can be 
chosen to keep the small signal bandwidth relatively constant. 
The minimum gain which will still provide stability also de- 
pends on the value of external compensation capacitance. 

An RC network in the output stage (Figure 25) completely 
removes the effect of capacitive loading when the amplifier is 
compensated for closed-loop gains of 10 or higher. At low fre- 
quencies, and with low capacitive loads, the gain from the com- 
pensation node to the output is very close to unity. In this case, 
C is bootstrapped and does not contribute to the compensation 
capacitance of the device. As the capacitive load is increased, a 
pole is formed with the output impedance of the output stage- 
this reduces the gain, and subsequently, C is incompletely boot- 
strapped. Therefore, some fraction of C contributes to the com- 
pensation capacitance, and the unity gain bandwidth falls. As 
the load capacitance is further increased, the bandwidth contin- 
ues to fall, and the amplifier remains stable. 

Externally Compensating the AD829 

The AD829 is stable with no external compensation for noise 
gains greater than 20. For lower gains, there are two methods of 
frequency compensating the amplifier to achieve closed-loop 
stability; these are the shunt and current feedback compensation 
methods. 



Shunt Compensation 

Figures 26 & 27 show that the first method, shunt compensa- 
tion, has an external compensation capacitor, C COMP , connected 
between the compensation pin and ground. This external 
capacitor is tied in parallel with approximately 3 pF of internal 
capacitance at the compensation node. In addition, a small 
capacitance, C LEAD , in parallel with resistor R 2 , compensates 
for the capacitance at the amplifier’s inverting input. 


R2 



Figure 26. Inverting Amplifier Connection Using External 
Shunt Compensation 



Figure 27. Noninverting Amplifier Connection Using 
External Shunt Compensation 
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Follower 

Gain 

Inverter 

Gain 

R1 

a 

R2 

a 

c L 

pF 

Ccomp 

pF 

Slew 

Rate 

V/ (JLS 

-3 dB 

Small Signal 
Bandwidth - A 

1 


Open 

100 

0 

68 

16 

66 

2 

-1 

lk 

lk 

5 

25 

38 

71 

5 

-4 

511 

2.0k 

1 

7 

90 

76 

10 

-9 

226 

2.05k 

0 

3 

130 

65 

20 

— 19 

105 

2k 

0 

0 

230 

55 

25 

-24 

105 

2.49 

0 

0 

230 

39 

100 

-101 

20 

2k 

0 

0 

230 

7.5 


Table I. Component Selection for Shunt Compensation 


Table I gives recommended C COMP and C LEAD values along 
with the corresponding slew rates and bandwidth. The capacitor 
values given were selected to provide a small signal frequency 
response with less than 1 dB of peaking and less than 10% over- 
shoot. For this table, supply voltages of ±15 volts should be 
used. Figure 28 is a graphical extension of the table which 
shows the slew rate/gain trade-off for lower closed-loop gains, 
when using the shunt compensation scheme. 



Figure 28. Value of C COMP & Slew Rate vs. Noise Gain 

Current Feedback Compensation 

Bipolar nondegenerated amplifiers which are single pole and in- 
ternally compensated have their bandwidths defined as: 

1 _ / 

2 tt r e Ccomp ~ k T 

2 tt — Ccomp 
Q 

where: 

f x is the unity gain bandwidth of the amplifier 
I is the collector current of the input transistor 
Ccomp is the compensation capacitance 

r e is the inverse of the transconductance of the input transistors 
kT/q is approximately equal to 26 mV @ 27°C. 

Since both f T and slew rate are functions of the same variables, 
the dynamic behavior of an amplifier is limited. Since: 

Slew Rate = — 

Ccomp 


then: 


Slew Rate kT 

= 4-tt — 

h Q 

This shows that the slew rate will be only 0.314 V/|xs for every 
MHz of bandwidth. The only way to increase slew rate is to in- 
crease the f x and that is difficult, due to process limitations. 
Unfortunately, an amplifier with a bandwidth of 10 MHz can 
only slew at 3.1 V/jxs, which is barely enough to provide a full 
power bandwidth of 50 kHz. 

The AD829 is especially suited to a new form of compensation 
which allows for the enhancement of both the full power band- 
width and slew rate of the amplifier. The voltage gain from the 
inverting input pin to the compensation pin is large; therefore, 
if a capacitance is inserted between these pins, the amplifier’s 
bandwidth becomes a function of its feedback resistor and this 
capacitance. The slew rate of the amplifier is now a function of 
its internal bias (21) and this compensation capacitance. 

Since the closed-loop bandwidth is a function of R F and C COM p 
(Figure 29), it is independent of the amplifier closed-loop gain, 
as shown in Figure 31. To preserve stability, the time constant 
of R F and C GOMP needs to provide a bandwidth of less than 65 
MHz. For example, with C COMP = 15 pF and R F = 1 kfl, the 
small signal bandwidth of the AD829 is 10 MHz, while Figure 
30 shows that the slew rate is in excess of 60 V/jxs. As can be 
seen in Figure 31, the closed-loop bandwidth is constant for 
gains of -1 to -4, a property of current feedback amplifiers. 

r f 



C comp SHOULD NEVER EXCEED 
15pF FOR THIS CONNECTION 


Figure 29. Inverting Amplifier Connection Using Current 
Feedback Compensation 
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AD829 



Figure 30. Large Signal Pulse Response of Inverting 
Amplifier Using Current Feedback Compensation. 
C C omp = 15 Pf~r C 1 = 15pF, R f = Ikfl, R 1 = 1 kO 



100k 1M 10M 


FREQUENCY -Hz 

Figure 31. Closed-Loop Gain vs. Frequency for the Circuit 
of Figure 29 


Figure 32 is an oscilloscope photo of the pulse response of a 
unity gain inverter which has been configured to provide a small 
signal bandwidth of 53 MHz and a subsequent slew rate of 180 
V/|xs; resistor R F = 3 kfl, capacitor C CO mp = 1 pF- Figure 33 
shows the excellent pulse response as a unity gain inverter, 
this time using component values of: R F = 1 kO and C CO mp = 
4 pF. 

Figures 34 and 35 show the closed-loop frequency response of 
the AD829 for different closed-loop gains and for different sup- 
ply voltages. 

If a noninverting amplifier configuration using current feedback 
compensation is desired, the circuit of Figure 36 is recom- 
mended. This circuit doubles the slew rate compared to the 
shunt compensated noninverting amplifier of Figure 27 at the 
expense of gain flatness. Nonetheless, this circuit delivers 
95 MHz bandwidth with ± 1 dB flatness into a back terminated 
cable, with a differential gain error of only 0.01%, and a differ- 
ential phase error of only 0.015° at 4.43 MHz. 



Figure 32. Large Signal Pulse Response of the Inverting 
Amplifier Using Current Feedback Compensation. 

Ccomp = 1 pF f R F = 3 kQ, R 1 =■ 3 kfl 



Figure 33. Small Signal Pulse Response of Inverting 
Amplifier Using Current Feedback Compensation. 
Ccomp = 4 pF, R f = 1 kQ, R 1 = 1 kO 



1 M 10M 100M 


FREQUENCY - Hz 

Figure 34. Closed-Loop Frequency Response for the 
Inverting Amplifier Using Current Feedback Compensation 
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1 10 100 


FREQUENCY - MHz 

Figure 35. Closed-Loop Frequency Response vs. Supply 
for the Inverting Amplifier Using Current Feedback 
Compensation 


A Low Error Video Line Driver 

The buffer circuit shown in Figure 37 will drive a back- 
terminated 75 fl video line to standard video levels (IV p-p) 
with 0.1 dB gain flatness to 30 MHz with only 0.04° and 0.02% 
differential phase and gain at the 4.43 MHz PAL color subcar- 
rier frequency. This level of performance, which meets the 
requirements for high definition video displays and test equip- 
ment, is achieved using only 5 mA quiescent current. 



Figure 36. Noninverting Amplifier Connection Using 
Current Feedback Compensation 



Figure 37. A Video Line Driver with a Flatness over 
Frequency Adjustment 
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□ ANALOG 
DEVICES 


AD840 


Wideband, 
Fast Settling Op Amp 


FEATURES 

Wideband AC Performance 
Gain Bandwidth Product: 400 MHz (Gain >10) 

Fast Settling: 100 ns to 0.01% for a 10 V Step 
Slew Rate: 400 V/ps 
Stable at Gains of 10 or Greater 
Full Power Bandwidth: 6.4 MHz for 20 V p-p into a 
500 H Load 

Precision DC Performance 
Input Offset Voltage: 0.3 mV max 
Input Offset Drift: 3 pV/°C typ 
Input Voltage Noise: 4 nV/VHz 
Open-Loop Gain: 130 V/mV into a 1 kO Load 
Output Current: 50 mA min 
Supply Current: 12 mA max 

APPLICATIONS 
Video and Pulse Amplifiers 
DAC and ADC Buffers 
Line Drivers 

Available in 14-Pin Plastic DIP, Hermetic Cerdip 
and 20-Pin LCC Packages and in Chip Form 
MIL-STD-883B Processing Available 

PRODUCT DESCRIPTION 

The AD840 is a member of the Analog Devices’ family of wide 
bandwidth operational amplifiers. This high speed/high precision 
family includes, among others, the AD841, which is unity-gain 
stable, and the AD842, which is stable at a gain of two or 
greater and has 100 mA minimum output current drive. These 
devices are fabricated using Analog Devices’ junction isolated 
complementary bipolar (CB) process. This process permits a 
combination of dc precision and wideband ac performance previ- 
ously unobtainable in a monolithic op amp. In addition to its 
400 MHz gain bandwidth product, the AD840 offers extremely 
fast settling characteristics, typically settling to within 0.01% of 
final value in 100 ns for a 10 volt step. 

The AD840 remains stable over its full operating temperature 
range at closed-loop gains of 10 or greater. It also offers a low 
quiescent current of 12 mA maximum, a minimum output cur- 
rent drive capability of 50 mA, a low input voltage noise of 
4 nV/VHz and a low input offset voltage of 0.3 mV maximum 
(AD840K). 

The 400 V/(jls slew rate of the AD840, along with its 400 MHz 
gain bandwidth, ensures excellent performance in video and 
pulse amplifier applications. This amplifier is ideally suited for 
use in high frequency signal conditioning circuits and wide 
bandwidth active filters. The extremely rapid settling time of 


CONNECTION DIAGRAMS 


Plastic DIP (N) Package LCC (E) Package 

and j -j 

Cerdip (Q) Package § I 



NC = NO CONNECT 


the AD840 makes it the preferred choice for data acquisition 

applications which require 12-bit accuracy. The AD840 is also 

appropriate for other applications such as high speed DAC and 

ADC buffer amplifiers and other wide bandwidth circuitry. 

APPLICATION HIGHLIGHTS 

1 . The high slew rate and fast settling time of the AD840 make 
it ideal for DAC and ADC buffers, line drivers and all types 
of video instrumentation circuitry. 

2. The AD840 is truly a precision amplifier. It offers 12-bit 
accuracy to 0.01% or better and wide bandwidth, perfor- 
mance previously available only in hybrids. 

3. The AD840’s thermally balanced layout and the high speed 
of the CB process allow the AD840 to settle to 0.01% in 
100 ns without the long “tails” that occur with other fast op 
amps. 

4. Laser wafer trimming reduces the input offset voltage to 
0.3 mV max on the K grade, thus eliminating the need for 
external offset nulling in many applications. Offset null pins 
are provided for additional versatility. 

5. Full differential inputs provide outstanding performance in 
all standard high frequency op amp applications where circuit 
gain will be 10 or greater. 

6. The AD840 is an enhanced replacement for the HA2540. 
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AD840— SPECIFICATIONS 


(@ +25°C and ±15 V dc, unless otherwise noted) 


Model 

Conditions 

AD840J 

Min Typ Max 

AD840K 

Min Typ Max 

AD840S 

Min Typ Max 

Units 

INPUT OFFSET VOLTAGE 1 


0.2 1 

0.1 0.3 

0.2 1 

mV 


T -T 

1.5 

0.7 

2 

mV 

Offset Drift 


5 

3 

5 

|xV/°C 

INPUT BIAS CURRENT 


3.5 8 

3.5 5 

3.5 8 

■mA 


T - T 

min A max 

10 

6 

12 

|xA 

INPUT OFFSET CURRENT 


0.1 0.4 

0.1 0.2 

0.1 0.4 

|xA 


T - T 

4 min 4 max 

0.5 

0.3 

0.6 

fxA 

INPUT CHARACTERISTICS 

Differential Mode 





Input Resistance 


30 

30 

30 

kn 

Input Capacitance 


2 

2 

2 

pF 

INPUT VOLTAGE RANGE 






Common Mode 


±10 12 

±10 12 

±10 12 

V 

Common-Mode Rejection 

V CM = ±10 v 

90 110 

106 115 

90 110 

dB 


Tmin * T max 

85 

90 

85 

dB 

INPUT VOLTAGE NOISE 

f = 1 kHz 

4 

4 

4 

nV/VHz 

Wideband Noise 

10 Hz to 10 MHz 

10 

10 

10 

jxV rms 

OPEN LOOP GAIN 

V 0 = ±10 V 






Rload = 1 

100 130 

100 130 

100 130 

V/mV 


T min - T mav 

50 80 

75 100 

50 80 

V/mV 


R-LOAD = 500 n 

75 

100 

75 

V/mV 


T min - T max 

50 

75 

50 

V/mV 

OUTPUT CHARACTERISTICS 






Voltage 

^■LOAD — 500 n 






Tmin - T max 

±10 

±10 

±10 

V 

Current 

Vout= ±10V 

50 

50 

50 

mA 

Output Resistance 

Open Loop 

15 

15 

15 

n 

FREQUENCY RESPONSE 






Gain Bandwidth Product 

Vqut = 90 mV p-p 






A v = -10 

400 

400 

400 

MHz 

Full Power Bandwidth 2 

V 0 = 20 V p-p 






Rload — 500 n 

5.5 6.4 

5.5 6.4 

5.5 6.4 

MHz 

Rise Time 

A v = -10 

10 

10 

10 

ns 

Overshoot 3 

A v = -10 

20 

20 

20 

% 

Slew Rate 3 

A v = -10 

350 400 

350 400 

350 400 

V/|xs 

Settling Time 3 -10 V Step 

A v = -10 






to 0.1% 

80 

80 

80 

ns 


to 0.01% 

100 

100 

100 

ns 

OVERDRIVE RECOVERY 

-Overdrive 

190 

190 

190 

ns 


+ Overdrive 

350 

350 

350 

ns 

DIFFERENTIAL GAIN 

f = 4.4 MHz 

0.025 

0.025 

0.025 

% 

DIFFERENTIAL PHASE 

f = 4.4 MHz 

0.04 

0.04 

0.04 

Degree 

POWER SUPPLY 






Rated Performance 


±15 

±15 

±15 

V 

Operating Range 


±5 ±18 

±5 ±18 

±5 ±18 

V 

Quiescent Current 


10.5 12 

10.5 12 

10.5 12 

mA 


T - T 

4 min 4 max 

14 

14 

16 

mA 

Power Supply Rejection Ratio 

V s = ±5 V to ± 18 V 

90 100 

94 100 

90 100 

dB 


T min - T max 

80 

86 

80 

dB 

TEMPERATURE RANGE 






Rated Performance 4 


0 +75 

0 +75 

-55 +125 

°C 

TRANSISTOR COUNT 

# of Transistors 

72 

72 

72 
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NOTES 

‘Input offset voltage specifications are guaranteed after 5 minutes at T A = +25°C. 

2 Full power bandwidth = slew rate/2-ir V PEAK . 

3 Refer to Figures 22 and 23. 

4 “S” grade T min -T max specifications are tested with automatic test equipment at T A = -55°C and T A = +125°C. 
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units. 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage 

Internal Power Dissipation 2 

Plastic (N) 

Cerdip (Q) 

LCC(E) 

Input Voltage 

Differential Input Voltage 

Storage Temperature Range 

Q,E 

N 

Junction Temperature (Tj) 

Lead Temperature Range (Soldering 60 sec) 


±18 V 

1.5 W 

1.3 W 

1.0 w 

± v s 

±6 V 

-65°C to + 150°C 
-65°C to +125°C 

+ 175°C 

+300°C 


NOTES 

‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2 Maximum internal power dissipation is specified so that Tj does not exceed 
+ 175°C at an ambient temperature of +25°C. 

Thermal Characteristics: 

0jc e jA Derate at 

Cerdip Package 30°C/W 110°C/W 8.7 mW/°C 
Plastic Package 30°C/W 100°C/W 10 mW/°C 
LCC Package 35°C/W 150°C/W 6.7 mW/°C 


Recommended Heat Sink: 
Aavid Engineering^ #602B 


ORDERING GUIDE 


Model 1 

Package Options 2 

AD840JN 

N-14 

AD840KN 

N-14 

AD840JQ 

Q-14 

AD840KQ 

Q-14 

AD840SQ 

Q-14 

AD840SQ-883B 

Q-14 

AD840SE-883B 

E-20A 


NOTES 

‘J and S Grade Chips also available. 

2 N = Plastic DIP; Q = Cerdip; E = LCC (Leadless 
Ceramic Chip Carrier). For outline information see 
Package Information section. 


Plastic DIP (N) Package 
and 

Cerdip (Q) Package 



NC 

NC 

BALANCE 

+V S 

OUTPUT 

NC 

NC 


LCC (E) Package 



AD840 Connection Diagrams 


MET ALIZ ATION PHOTOGRAPH 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 



SUBSTRATE CONNECTED TO +V S 
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AD840— Typical Characteristics (at +25°C and V s = ±15 V, unless otherwise noted) 



0 5 10 15 20 

SUPPLY VOLTAGE - * Volts 


Figure'1. Input Common-Mode 
Range vs. Supply Voltage 



0 5 10 15 20 


SUPPLY VOLTAGE - ± Volts 

Figure 4. Quiescent Current vs. 
Supply Voltage 



SUPPLY VOLTAGE - ± Volts 


Figure 2. Output Voltage Swing 
vs. Supply Voltage 



TEMPERATURE - °C 


Figure 5. Input Bias Current vs. 
Temperature 



LOAD RESISTANCE - 11 


Figure 3. Output Voltage Swing 
vs. Load Resistance 



FREQUENCY - Hz 

Figure 6. Output Impedance vs. 
Frequency 



-60 -40 -20 0 20 40 60 80 100 120 140 -60 -40 -20 0 20 40 60 80 100 120 140 _60 -40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE - °C AMBIENT TEMPERATURE - °C TEMPERATURE - °C 


Figure 7. Quiescent Current vs. 
Temperature 


Figure 8. Short-Circuit Current 
Limit vs. Temperature 


Figure 9. Gain Bandwidth Product 
vs. Temperature 
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Figure 10. Open-Loop Gain and Figure 1 1. Open-Loop Gain vs. Figure 12. Power Supply Rejection 

Phase Margin Phase vs. Frequency Supply Voltage vs. Frequency 



Figure 13. Common-Mode Figure 14. Large Signal Frequency Figure 15. Output Swing and 

Rejection vs. Frequency Response Error vs. Settling Time 



100 Ik 10k 100k 10 100 Ik 10k 100k 1M 10M -60 -40 -20 0 20 40 60 80 100 120 140 

FREQUENCY - Hz FREQUENCY - Hz TEMPERATURE - °C 


Figure 16. Harmonic Distortion vs. Figure 17. Input Voltage Noise Figure 18. Slew Rate vs. 

Frequency Spectra / Density Temperature 
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Figure 19a. Inverting Amplifier Figure 19b. Inverter Large Signal Figure 19c. Inverter Small Signal 

Configuration (DIP Pinout) Pulse Response Pulse Response 



Figure 20a. Noninverting Amplifier Figure 20b. Noninverting Large Figure 20c. Noninverting Small 

Configuration (DIP Pinout) Signal Pulse Response Signal Pulse Response 


OFFSET NULLING 

The input offset voltage of the AD840 is very low for a high 
speed op amp, but if additional nulling is required, the circuit 
shown in Figure 21 <?an be used. 


Figure 21. Offset Nulling (DIP Pinout) 
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Applying the AD840 


AD840 SETTLING TIME 

Figures 22 and 24 show the settling performance of the AD840 
in the test circuit shown in Figure 23. 

Settling time is defined as: 

The interval of time from the application of an ideal step 
function input until the closed-loop amplifier output has 
entered and remains within a specified error band. 

This definition encompasses the major components which com- 
prise settling time. They include (1) propagation delay through 
the amplifier; (2) slewing time to approach the final output 
value; (3) the time of recovery from the overload associated with 
slewing; and (4) linear settling to within the specified error 
band. 

Expressed in these terms, the measurement of settling time is 
obviously a challenge and needs to be done accurately to assure 
the user that the amplifier is worth consideration for the 
application. 



OUTPUT. 

5V/DIV 


OUTPUT 

ERROR: 

0.02%/DIV 


Figure 22. AD840 0.01% Settling Time 



Figure 23. Settling Time Test Circuit 

Figure 23 shows how measurement of the AD840’s 0.01% set- 
tling in 100 ns was accomplished by amplifying the error signal 
from a false summing junction with a very high speed propri- 
etary hybrid error amplifier specially designed to enable testing 
of small settling errors. The device under test was driving a 
420 fl load. The input to the error amp is clamped in order to 
avoid possible problems associated with the overdrive recovery 
of the oscilloscope input amplifier. The error amp amplifies the 
error from the false summing junction by 11, and it contains a 
gain vernier to fine trim the gain. 


Figure 24 shows the “long-term” stability of the settling charac- 
teristics of the AD840 output after a 10 V step. There is no evi- 
dence of settling tails after the initial transient recovery time. 
The use of a junction isolated process, together with careful lay- 
out, avoids these problems by minimizing the effects of transis- 
tor isolation capacitance discharge and thermally induced shifts 
in circuit operating points. These problems do not occur even 
under high output current conditions. 


OUTPUT: 

5V/DIV 


OUTPUT 

ERROR: 

0.02%/DIV 



Figure 24. AD840 Settling Demonstrating No Settling Tails 
GROUNDING AND BYPASSING 

In designing practical circuits with the AD840, the user must 
remember that whenever high frequencies are involved, some 
special precautions are in order. Circuits must be built with 
short interconnect leads. Large ground planes should be used 
whenever possible to provide a low resistance, low inductance 
circuit path, as well as minimizing the effects of high frequency 
coupling. Sockets should be avoided, because the increased 
inter-lead capacitance can degrade bandwidth. 

Feedback resistors should be of low enough value to assure that 
the time constant formed with the circuit capacitances will not 
limit the amplifier performance. Resistor values of less than 
5 kfl are recommended. If a larger resistor must be used, a 
small (±10 pF) feedback capacitor in connected parallel with the 
feedback resistor, R F , may be used to compensate for these 
stray capacitances and optimize the dynamic performance of the 
amplifier in the particular application. 

Power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. A 2.2 jjlF capacitor in parallel 
with a 0.1 (jlF ceramic disk capacitor is recommended. 

CAPACITIVE LOAD DRIVING ABILITY 

Like all wideband amplifiers, the AD840 is sensitive to capaci- 
tive loading. The AD840 is designed to drive capacitive loads of 
up to 20 pF without degradation of its rated performance. Ca- 
pacitive loads of greater than 20 pF will decrease the dynamic 
performance of the part although instability should not occur 
unless the load exceeds 100 pF. A resistor in series with the out- 
put can be used to decouple larger capacitive loads. 

USING A HEAT SINK 

The AD840 draws less quiescent power than most high speed 
amplifiers and is specified for operation without a heat sink. 
However, when driving low impedance loads the current to the 
load can be 4 to 5 times the quiescent current. This will create a 
noticeable temperature rise. Improved performance can be 
achieved by using a small heat sink such as the Aavid Engineer- 
ing #602B. 
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HIGH SPEED DAC BUFFER CIRCUIT 

The AD840’s 100 ns settling time to 0.01% for a 10 V step 
makes it well suited as an output buffer for high speed D/A con- 
verters. Figure 25 shows the connections for producing a 0 to 
+ 10.24 V output swing from the AD568 35 ns DAC. With the 
AD568 in unbuffered voltage output mode, the AD840 is placed 
in noninverting configuration. As a result of the 1 kO span re- 
sistor provided internally in the AD568, the noise gain of this 
topology is 10. Only 5 pF is required across the feedback (span) 
resistor to optimize settling. 



Figure 25. 0 to + 10.24 V DAC Output Buffer 


OVERDRIVE RECOVERY 

Figure 26 shows the overdrive recovery capability of the AD840. 
Typical recovery time is 190 ns from negative overdrive and 
350 ns from positive overdrive. 



TIME: 200ns/DIVISIOI\l 


Figure 26. Overdrive Recovery 



Figure 27. Overdrive Recovery Test Circuit 
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ANALOG 

DEVICES 


Wideband, Unity-Gain Stable, 
Fast Settling Op Amp 


AD841 


FEATURES 
AC PERFORMANCE 
Unity-Gain Bandwidth: 40 MHz 
Fast Settling: 110 ns to 0.01% 

Slew Rate: 300 V/jjis 

Full Power Bandwidth: 4.7 MHz for 20 V p-p into a 
500 O Load 

DC PERFORMANCE 

Input Offset Voltage: 1 mV max 

Input Voltage Noise: 13 nV/VHz typ 

Open-Loop Gain: 45V/mV into a 1 kfl Load 

Output Current: 50 mA min 

Supply Current: 12 mA max 

APPLICATIONS 

High Speed Signal Conditioning 
Video and Pulse Amplifiers 
Data Acquisition Systems 
Line Drivers 
Active Filters 

Available in 14-Pin Plastic DIP and Hermetic Cerdip, 
12-Pin TO-8 Metal Can and 20-Pin LCC Packages and 
in Chip Form 

Chips and MIL-STD-883B Parts Available 
PRODUCT DESCRIPTION 

The AD841 is a member of the Analog Devices family of wide 
bandwidth operational amplifiers. This high speed/high preci- 
sion family includes, among others, the AD840, which is stable 
at a gain of 10 or greater, and the AD842, which is stable at a 
gain of two or greater and has 100 mA minimum output current 
drive. These devices are fabricated using Analog Devices’ junc- 
tion isolated complementary bipolar (CB) process. This process 
permits a combination of dc precision and wideband ac perfor- 
mance previously unobtainable in a monolithic op amp. In addi- 
tion to its 40 MHz unity-gain bandwidth product, the AD841 
offers extremely fast settling characteristics, typically settling to 
within 0.01% of final value in 110 ns for a 10 volt step. 

Unlike many high frequency amplifiers, the AD841 requires no 
external compensation. It remains stable over its full operating 
temperature range. It also offers a low quiescent current of 
12 mA maximum, a minimum output current drive capablity of 
50 mA, a low input voltage noise of 13 nV/VHz and low input 
offset voltage of 1 mV maximum. 

The 300 V/(xs slew rate of the AD841, along with its 40 MHz 
gain bandwidth, ensures excellent performance in video and 
pulse amplifier applications. This amplifier is well suited for use 
in high frequency signal conditioning circuits and wide band- 
width active filters. The extremely rapid settling time of the 


CONNECTION DIAGRAMS 


Plastic DIP (N) Package 
and 

Cerdip (Q) Package TO-8 (H) Package 



NC = NO CONNECT 



LCC (E) Package 


Z Z 
£ £ 

i I ^ 1 2 



AD841 makes it the preferred choice for data acquisition appli- 
cations which require 12-bit accuracy. The AD841 is also appro- 
priate for other applications such as high speed DAC and ADC 
buffer amplifiers and other wide bandwidth circuitry. 

APPLICATION HIGHLIGHTS 

1. The high slew rate and fast settling time of the AD841 make 
it ideal for DAC and ADC buffers, and all types of video 
instrumentation circuitry. 

2. The AD841 is a precision amplifier. It offers accuracy to 
0.01% or better and wide bandwidth performance previously 
available only in hybrids. 

3. The AD841’s thermally balanced layout and the speed of the 
CB process allow the AD841 to settle to 0.01% in 110 ns 
without the long “tails” that occur with other fast op amps. 

4. Laser wafer trimming reduces the input offset voltage to 
1 mV max on the K grade, thus eliminating the need for 
external offset nulling in many applications. Offset null pins 
are provided for additional versatility. 

5. The AD841 is an enhanced replacement for the HA2541. 
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(@ +25°C and ±15 V dc, unless otherwise noted) 


Model 

Conditions 

AD841J 

Min Typ Max 

AD841K 

Min Typ Max 

AD841S 

Min Typ Max 

Units 

INPUT OFFSET VOLTAGE 1 


0.8 2.0 

0.5 1.0 

0.5 2.0 

mV 


T -T 

5.0 

3.3 

5.5 

mV 

Offset Drift 


35 

35 

35 

(jlV/°C 

INPUT BIAS CURRENT 


3.5 8 

3.5 5 

3.5 8 

|aA 


T -T 

1 nun 1 max 

10 

6 

12 

(xA 

Input Offset Current 


0.1 0.4 

0.1 0.2 

0.1 0.4 

IxA 


T min -T max 

0.5 

0.3 

0.6 


INPUT CHARACTERISTICS 

Differential Mode 





Input Resistance 


200 

200 

200 

kft 

Input Capacitance 


2 

2 

2 

PF 

INPUT VOLTAGE RANGE 






Common Mode 


± 10 12 

±10 12 

±10 12 

V 

Common Mode Rejection 

Vcm = — 10 V 

86 100 

103 109 

86 100 

dB 


Tmin-Tmax 

80 

100 

80 

dB 

INPUT VOLTAGE NOISE 

f = 1 kHz 

15 

15 

15 

nV/VHz 

Wideband Noise 

10 Hz to 10 MHz 

47 

47 

47 

(jlV rms 

OPEN-LOOP GAIN 

Vo = ±10 V 






Rload— 500 fl 

25 45 

25 45 

25 45 

V/mV 


VT„ 

12 

20 

12 

V/mV 

OUTPUT CHARACTERISTICS 






Voltage 

Rload— 500 n 






T min -T mflV 

±10 

±10 

±10 

V 

Current 

v OUT = ±10 V 

50 

50 

50 

mA 

OUTPUT RESISTANCE 

Open Loop 

5 

5 

5 

n 

FREQUENCY RESPONSE 






Unity Gain Bandwidth 

V OU T = 90 mV p-p 

40 

40 

40 

MHz 

Full Power Bandwidth 2 

V 0 = 20 V p-p 






R-load— 500 O 

3.1 4.7 

3.1 4.7 

3.1 4.7 

MHz 

Rise Time 3 

A v = -1 

10 

10 

10 

ns 

Overshoot 3 

A v = -1 

10 

10 

10 

% 

Slew Rate 3 

A v = -1 

200 300 

200 300 

200 300 

V/|xs 

Settling Time - 10 V Step 

A v = -1 






to 0.1% 

90 

90 

90 

ns 


to 0.01% 

110 

110 

110 

ns 

OVERDRIVE RECOVERY 

-Overdrive 

200 

200 

200 

ns 


+ Overdrive 

700 

700 

700 

ns 

DIFFERENTIAL GAIN 

f = 4.4 MHz 

0.03 

0.03 

0.03 

% 

Differential Phase 

f = 4.4 MHz 

0.022 

0.022 

0.022 

Degree 

..... 

POWER SUPPLY 






Rated Performance 


±15 

±15 

±15 

V 

Operating Range 


±5 ±18 

±5 ±18 

±5 ±18 

V 

Quiescent Current 


11 12 

11 12 

11 12 

mA 


T -T 

1 min 1 max 

14 

14 

16 

mA 

Power Supply Rejection Ratio 

V s = ±5 Vto ±18 V 

86 100 

90 100 

86 100 

dB 


T min - Tmax 

80 

86 

80 

dB 

TEMPERATURE RANGE 






Rated Performance 4 


0 +75 

0 +75 

-55 +125 

°C 

PACKAGE OPTIONS 5 






LCC (E-20A) 6 




AD841SE, AD841SE/883B 


Cerdip (Q-14) 


AD841JQ 

AD841KQ 

AD841SQ, AD841SQ/883B 


Plastic (N-14) 


AD841JN 

AD841KN 



TO-8 (H-12) 


AD841JH 

AD841KH 

AD841SH, AD841SH/883B 


J and S Grade Chips 






Also Available 


AD841J CHIP 


AD841S CHIP 



NOTES 

1 Input offset voltage specifications are guaranteed after 5 minutes at T A = +25°C. 

2 Full power bandwidth = Slew Rate/277 V PEAK . 

3 Refer to Figure 19. 

4 “S” grade T min and T max specifications are tested with automatic test equipment at T A = -55°C and T A = + 125°C. 
5 For outline information see Package Information section. 

6 Contact factory for availability. 

All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage 

Internal Power Dissipation 2 

TO-8 (H) 

Plastic (N) 

Cerdip (Q) 

Input Voltage 

Differential Input Voltage 

Storage Temperature Range 

Q, H, E 

N 

Junction Temperature 

Lead Temperature Range (Soldering 60 sec) 


±18 V 


1.4 W 

1.5 W 

1.3 W 

± V S 

±6 V 

-65°C to +150°C 
-65°C to +125°C 

. + 175°C 

+300°C 


NOTES 

‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

2 Maximum internal power dissipation is specified so that Tj does not exceed 
+ 175°C at an ambient temperature of +25°C. 


Thermal Characteristics: 


Cerdip Package 
TO-8 Package 
Plastic Package 
LCC Package 


«jc WjA 

35°C/W 110°C/W 
30°C/W 100°C/W 
30°C/W 100°C/W 
35°C/W 150°C/W 


0 SA 

38°C/W 

37°C/W 


Recommended Heat Sink: 
Aavid Engineering ©#602B 


MET ALIZ ATION PHOTOGRAPH 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 



L 


SUBSTRATE CONNECTED TO +V S 


J 
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SUPPLY VOLTAGE - ± Volts 


10k 100k 1M 10M 

FREQUENCY - Hz 


Figure 4. Quiescent Current vs. 
Supply Voltage 


Figure 5. Input Bias Current vs. 
Temperature 


Figure 6. Output Impedance 
vs. Frequency 




-60 -40 -20 0 20 40 60 

TEMPERATURE - C 



AMBIENT TEMPERATURE - C 


Figure 7. Quiescent Current vs. 
Temperature 


Figure 8. Short-Circuit Current 
Limit vs. Temperature 


Figure 9. Gain Bandwidth Product 
vs. Temperature 
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Figure 10. Open-Loop Gain and Figure 11. Open-Loop Gain vs. Figure 12. Power Supply Rejection 

Phase Margin vs. Frequency Supply Voltage vs. Frequency 



Ik 10k 100k 1M 10M 100M 1M 10M 100M 30 40 50 60 70 80 90 100 110 

FREQUENCY - Hz FREQUENCY - Hz SETTLING TIME - ns 


Figure 13. Common-Mode Figure 14. Large Signal Frequency Figure 15. Output Swing and 

Rejection vs. Frequency Response Error vs. Settling Time 



Figure 16. Harmonic Distortion vs. Figure 17. Slew Rate vs. Figure 18. Input Noise Voltage 

Frequency Temperature Spectral Density 
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Figure 19a. Inverting Amplifier 
Configuration (DIP Pinout) 


Figure 19b. Inverter Large Signal 
Pulse Response 


Figure 19c. Inverter Small Signal 
Pulse Response 



Figure 20a. Unity-Gain Buffer Amplifier 
Configuration (DIP Pinout) 


Figure 20b. Buffer Large Signal Figure 20c. Buffer Small Signal 
Pulse Response Pulse Response 


OFFSET NULLING 

The input offset voltage of the AD841 is very low for a high 
speed op amp, but if additional nulling is required, the circuit 
shown in Figure 21 can be used. 


+ v s 



Figure 21. Offset Nulling (DIP Pinout) 


INPUT CONSIDERATIONS 

An input resistor (R IN in Figure 20) is recommended in circuits 
where the input to the AD841 will be subjected to transient or 
continuous overload voltages exceeding the ±6 V maximum dif- 
ferential limit. This resistor provides protection for the input 
transistors by limiting the maximum current that can be forced 
into the input. 

For high performance circuits it is recommended that a resistor 
(R b in Figures 19 and 20) be used to reduce bias current errors 
by matching the impedance at each input. The output voltage 
error caused by the offset current is more than an order of mag- 
nitude less than the error present if the bias current error is not 
removed. 
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Applying the AD841 


AD841 SETTLING TIME 

Figures 22 and 24 show the settling performance of the AD841 
in the test circuit shown in Figure 23. 

Settling time is defined as: 

The interval of time from the application of an ideal step 
function input until the closed-loop amplifier output has 
entered and remains within a specified error band. 

This definition encompasses the major components which com- 
prise settling time. They include (1) propagation delay through 
the amplifier; (2) slewing time to approach the final output 
value; (3) the time of recovery from the overload associated with 
slewing and (4) linear settling to within the specified error band. 



Expressed in these terms, the measurement of settling time 
is obviously a challenge and needs to be done accurately to 
assure the user that the amplifier is worth consideration for the 
application. 



Measurement of the AD841’s 0.01% settling in 110 ns was ac- 
complished by amplifying the error signal from a false summing 
junction with a very high speed proprietary hybrid error ampli- 
fier specially designed to enable testing of small settling errors. 
The device under test was driving a 500 fl load. The input to 
the error amp is clamped in order to avoid possible problems 


associated with the overdrive recovery of the oscilloscope input 
amplifier. The error amp gains the error from the false summing 
junction by 10, and it contains a gain vernier to fine trim the 
gain. 

Figure 24 shows the “long term” stability of the settling charac- 
teristics of the AD841 output after a 10 V step. There is no evi- 
dence of settling tails after the initial transient recovery time. 

The use of a junction isolated process, together with careful lay- 
out, avoids these problems by minimizing the effects of transis- 
tor isolation capacitance discharge and thermally induced shifts 
in circuit operating points. These problems do not occur even 
under high output current conditions. 



Figure 24. AD841 Settling Demonstrating No Settling 
Tails 

GROUNDING AND BYPASSING 

In designing practical circuits with the AD841, the user must 
remember that whenever high frequencies are involved, some 
special precautions are in order. Circuits must be built with 
short interconnect leads. Large ground planes should be used 
whenever possible to provide a low resistance, low inductance 
circuit path, as well as minimizing the effects of high frequency 
coupling. Sockets should be avoided because the increased inter- 
lead capacitance can degrade bandwidth. 

Feedback resistors should be of low enough value to assure that 
the time constant formed with the circuit capacitances will not 
limit the amplifier performance. Resistor values of less than 
5 kfl are recommended. If a larger resistor must be used, a 
small (<10 pF) feedback capacitor in parallel with the feedback 
resistor, R F , may be used to compensate for these stray capaci- 
tances and optimize the dynamic performance of the amplifier in 
the particular application. 

Power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. A 2.2 |xF capacitor in parallel 
with a 0. 1 pF ceramic disk capacitor is recommended. 

CAPACITIVE LOAD DRIVING ABILITY 

Like all wideband amplifiers, the AD841 is sensitive to capaci- 
tive loading. The AD841 is designed to drive capacitive loads of 
up to 20 pF without degradation of its rated performance. Ca- 
pacitive loads of greater than 20 pF will decrease the dynamic 
performance of the part although instability should not occur 
unless the load exceeds 100 pF (for a unity-gain follower). A 
resistor in series with the output can be used to decouple larger 
capacitive loads. 
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Figure 25 shows a typical configuration for driving a large ca- 
pacitive load. The 510 output resistor effectively isolates the 
high frequency feedback from the load and stabilizes the circuit. 
Low frequency feedback is returned to the amplifier summing 
junction via the low pass filter formed by the 51 O resistor and 
the load capacitance, C L . 

Ikll 



Figure 25. Circuit for Driving a Large Capacitive Load 


USING A HEAT SINK 

The AD 841 draws less quiescent power than most precision 
high speed amplifiers and is specified for operation without a 
heat sink. However, when driving low impedance loads, the cur- 
rent to the load can be 4 to 5 times the quiescent current. This 
will create a noticeable temperature rise. Improved performance 
can be achieved by using a small heat sink such as the Aavid 
Engineering #602B. 

TERMINATED LINE DRIVER 

The AD841 functions very well as a high speed line driver of 
either terminated or un terminated cables. Figure 26 shows the 
AD841 driving a doubly terminated cable in a follower configu- 
ration. The AD841 maintains a typical slew rate of 300 V/jjls, 
which means it can drive a ±10 V, 4.7 MHz signal or a ±3 V, 
15.9 MHz signal. 

The termination resistor, R x , (when equal to the characteristic 
impedance of the cable) minimizes reflections from the far end 
of the cable. A back-termination resistor (R BT , also equal to the 
characteristic impedance of the cable) may be placed between 
the AD841 output and the cable in order to damp any stray sig- 
nals caused by a mismatch between R x and the cable’s charac- 
teristic impedance. This will result in a “cleaner” signal, but 
since 1/2 the output voltage will be dropped across R BX , the op 
amp must supply double the output signal required if there is 
no back termination. Therefore the full power bandwidth is cut 
in half. 


If termination is not used, cables appear as capacitive loads. If 
this capacitive load is large, it should be decoupled from the 
AD841 by a resistor in series with the output (see above: 
Driving a Capacitive Load). 



Figure 26. Line Driver Configuration 


OVERDRIVE RECOVERY 

Figure 27 shows the overdrive recovery capability of the AD841. 
Typical recovery time is 200 ns from negative overdrive and 
700 ns from positive overdrive. 




Figure 28. Overdrive Recovery Test Circuit 
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ANALOG 

DEVICES 


Wideband, High Output Current, 
Fast Settling Op Amp 


AD842 


FEATURES 
AC PERFORMANCE 

Gain Bandwidth Product: 80 MHz (Gain = 2) 

Fast Settling: 100 ns to 0.01% for a 10 V Step 

Slew Rate: 375 V/ps 

Stable at Gains of 2 or Greater 

Full Power Bandwidth: 6.0 MHz for 20 V p-p 

DC PERFORMANCE 

Input Offset Voltage: 1 mV max 

Input Offset Drift: 14 pV/°C _ 

Input Voltage Noise: 9 nV/VHz typ 
Open-Loop Gain: 90 V/mV into a 500 IX Load 
Output Current: 100 mA min 
Quiescent Supply Current: 14 mA max 

APPLICATIONS 

Line Drivers 

DAC and ADC Buffers 

Video and Pulse Amplifiers 

Available in Plastic DIP Hermetic Metal Can, 

Hermetic Cerdip and LCC Packages and in Chip Form 
MIL-STD-883B Parts Available 

PRODUCT DESCRIPTION 

The AD842 is a member of the Analog Devices family of wide 
bandwidth operational amplifiers. This family includes, among 
others, the AD840 which is stable at a gain of 10 or greater and 
the AD841 which is unity-gain stable. These devices are fabri- 
cated using Analog Devices’ junction isolated complementary 
bipolar (CB) process. This process permits a combination of dc 
precision and wideband ac performance previously unobtainable 
in a monolithic op amp. In addition to its 80 MHz gain band- 
width, the AD842 offers extremely fast settling characteristics, 
typically settling to within 0.01% of final value in less than 
100 ns for a 10 volt step. 

The AD842 also offers a low quiescent current of 13 mA, a high 
output current drive capability (100 mA minimum), a low input 
voltage noise of 9 nV\/Hz and a low input offset voltage (1 mV 
maximum). 

The 375 V/|is slew rate of the AD842, along with its 80 MHz 
gain bandwidth, ensures excellent performance in video and 
pulse amplifier applications. This amplifier is ideally suited for 
use in high frequency signal conditioning circuits and wide 
bandwidth active filters. The extremely rapid settling time of 
the AD842 makes this amplifier the preferred choice for data 
acquisition applications which require 12-bit accuracy. The 
AD842 is also appropriate for other applications such as high 
speed DAC and ADC buffer amplifiers and other wide band- 
width circuitry. 


CONNECTION DIAGRAMS 

Plastic DIP (N) Package LCC (E) Package 

and 

Cerdip (Q) Package 3 g 

i z 



NC = NO CONNECT 


NC 

BALANCE 

NC 

+V S 

OUTPUT 

NC 

NC 


£ £ 
g a g & g 



o “ o o o 
Z > Z Z Z 


NC = NO CONNECT 


TO-8 (H) 
Package 



TOP VIEW 

NOTE: CAN TIED TO V + 
NC = NO CONNECT 


APPLICATION HIGHLIGHTS 

1. The high slew rate and fast settling time of the AD842 make 
it ideal for DAC and ADC buffers amplifiers, lines drivers 
and all types of video instrumentation circuitry. 

2. The AD842 is a precision amplifier. It offers accuracy to 
0.01% or better and wide bandwidth; performance previously 
available only in hybrids. 

3. Laser-wafer trimming reduces the input offset voltage of 

1 mV max, thus eliminating the need for external offset null- 
ing in many applications. 

4. Full differential inputs provide outstanding performance in 
all standard high frequency op amp applications where the 
circuit gain will be 2 or greater. 

5. The AD842 is an enhanced replacement for the HA2542. 
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AD842— SPECIFICATIONS 


(@ +25°C and ±15 V dc, unless otherwise noted) 


Model 

Conditions 

AD842J 

Min Typ Max 

AD842K 

Min Typ Max 

AD842S 

Min Typ Max 

Units 

INPUT OFFSET VOLTAGE 1 


0.5 1.5 

0.3 1.0 

0.5 1.5 

mV 


Tnun-Trnax 

2.5 

1.5 

3.5 

mV 

Offset Drift 


14 

14 

14 

p,V/°C 

INPUT BIAS CURRENT 


4.2 8 

3.5 5 

4.2 8 

|iA 


T min -T mav 

10 

6 

12 

PlA 

Input Offset Current 


0.1 0.4 

0.05 0.2 

0.1 0.4 

pA 


Tmin— T™* 

0.5 

0.3 

0.6 

|aA 

INPUT CHARACTERISTICS 






Input Resistance 

Differential Mode 

100 

100 

100 

kn 

Input Capacitance 


2.0 

2.0 

2.0 

pF 

INPUT VOLTAGE RANGE 






Common Mode 


± 10 

±10 

±10 

V 

Common-Mode Rejection 

V CM =±10V 

j 86 115 

90 115 

86 115 

dB 


T m ,„-T,„„ 

80 

86 

80 

dB 

INPUT VOLTAGE NOISE 

f = 1 kHz 

9 

9 

9 

nV/\/Hz 

Wideband Noise 

10 Hz to 10 MHz 

28 

28 

28 

|j.V rms 

OPEN-LOOP GAIN 

V Q = ±10 V 






R-load— 500 O 

40 90 

50 90 

40 90 

V/mV 


T min -T max 

20 

25 

20 

V/mV 

OUTPUT CHARACTERISTICS 






Voltage 

R-load— 500 H 

± 10 

±10 

±10 

V 

Current 

V OU T= ±10V 

100 

100 

100 

mA 


Open Loop 

5 

5 

5 

n 

FREQUENCY RESPONSE 






Gain Bandwidth Product 

V out = 90 mV 

80 

80 

80 

MHz 

Full Power Bandwidth 2 

V 0 = 20 V p-p 






•R-load— 500 LI 

4.7 6 

4.7 6 

4.7 6 

MHz 

Rise Time 3 

AycL ~ ~2 

10 

10 

10 

ns 

Overshoot 3 

AyCL = — 2 

20 

20 

20 

% 

Slew Rate 3 

^vcl — ~2 

300 375 

300 375 

300 375 

V/fxs 

Settling Time 3 

10 V Step 






to 0.1% 

80 

80 

80 

ns 


to 0.01% 

100 

100 

100 

ns 

Differential Gain 

f = 4.4 MHz 

0.015 

0.015 

0.015 

% 

Differential Phase 

f = 4.4 MHz 

0.035 

0.035 

0.035 

Degree 

POWER SUPPLY 




1 


Rated Performance 


±15 

±15 

±15 

V 

Operating Range 


±5 ±18 

±5 ±18 

±5 ±18 

V 

Quiescent Current 


13 14 

13 14 

13 14 

mA 


T -T 

A min L max 

16 

16 

19 

mA 

Power Supply Rejection Ratio 

V s = ±5V to ±15 V 

86 100 

90 105 

86 100 

dB 


T min -T max 

80 

86 

80 

dB 

TEMPERATURE RANGE 






Rated Performance 4 


0 +75 

0 +75 

-55 +125 

°C 

PACKAGE OPTIONS 5 






Plastic (N-14) 


AD842JN 

AD842KN 



Cerdip (Q-14) 


AD842JQ 

AD842KQ 

AD842SQ, AD842SQ/883B 


TO-8 (H-12A) 


AD842JH 

AD842KH 

AD842SH 


LCC 6 (E-20A) 




AD842SE 


J and S Grade Chips 






Also Available 



i 




NOTES 

1 Input offset voltage specifications are guaranteed after 5 minutes at T A = +25°C. 

2 FPBW Slew Rate/2-ir V PEAK . 

3 Refer to Figures 22 and 23. 

4 “S” grade T min and T max specifications are tested with automatic test equipment at T A = -55°C and T A = +125°C. 

5 For outline information see Package Information section. 

6 Contact factory for availability. 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from 
those tests are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage 

Internal Power Dissipation 2 

Plastic (N) 

Cerdip (Q) 

TO-8 . 

Input Voltage 

Differential Input Voltage 

Storage Temperature Range 

Q, H 

N 

Junction Temperature 

Lead Temperature Range (Soldering 60 sec) 


±18 V 


1.5 W 
1.1 W 
1.3 W 

• ±v s 

±6 V 


-65°C to + 150°C 
-65°C to +125°C 

+175°C 

+300°C 


NOTE 

Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2 Maximum internal power dissipation is specified so that Tj does not exceed 
+ 150°C at an ambient temperature of +25°C. 

Thermal Characteristics: 

0 jc 

Plastic Package 30°C/W 
Cerdip Package 30°C/W 
TO-8 Package 30°C/W 

Recommended heat sink: Aavid Engineering© #602B 


°JA °SA 

100°C/W 

110°C/W 38°C/W 

100°C/W 27°C/W 


METALIZATION PHOTOGRAPH 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 


0.106(2.68) 

BALANCE 



V + 


OUTPUT 


V- 


SUBSTRATE CONNECTED 
TO +V S 
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AD842 — Typical Characteristics (at +25°C and V s = ±15 V, unless otherwise noted.) 



Figure 1. Input Common-Mode Figure 2. Output Voltage Swing Figure 3. Output Voltage Swing 

Range vs. Supply Voltage vs. Supply Voltage vs. Load Resistance 



Figure 4. Quiescent Current vs. Figure 5. Input Bias Current vs. Figure 6. Output Impedance vs. 

Supply Voltage Temperature Frequency 



TEMPERATURE - °C 



AMBIENT TEMPERATURE - °C 



Figure 7. Quiescent Current vs. Figure 8. Short-Circuit Current Figure 9. Gain Bandwidth Product 

Tempetature Limit vs. Temperature vs. Temperature 
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OPEN-LOOP GAIN - dB 



Figure 10. Open-Loop Gain and Figure 11. Open-Loop Gain vs. Figure 12. Power Supply Rejection 

Phase Margin vs. Frequency Supply Voltage vs. Frequency 



FREQUENCY - Hz FREQUENCY - Hz SETTLING TIME - ns 


Figure 13. Common-Mode Figure 14. Large Signal Frequency Figure 15. Output Swing and 

Rejection vs. Frequency Response Error vs. Settling Time 



FREQUENCY - Hz 

Figure 16. Harmonic Distortion vs. 
Frequency 



FREQUENCY - Hz 


Figure 17. Input Voltage vs. 
Frequency 



TEMPERATURE - °C 


Figure 18. Slew Rate vs. 
Temperature 
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AD842 




Figure 19a. Inverting Amplifier 
Configuration ( DIP Pinout) 


Figure 19b. Inverter Large Signal 
Pulse Response 


Figure 19c. Inverter Small Signal 
Pulse Response 



Figure 20a. Noninverting Amplifier Figure 20b. Noninverting Large Signal Figure 20c. Noninverting Small 

Configuration (DIP Pinout ) Pulse Response Signal Pulse Response 



OFFSET NULLING 

The input offset voltage of the AD842 is very low for a high 
speed op amp, but if additional nulling is required, the circuit 
shown in Figure 21 can be used. 


Figure 21. Offset Nulling 
( DIP Pinout ) 
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Applying the AD842 


AD842 SETTLING TIME 

Figures 22 and 24 show the settling performance of the AD842 
in the test circuit shown in Figure 23. 

Settling time is defined as: 

The interval of time from the application of an ideal step 
function input until the closed-loop amplifier output has 
entered and remains within a specified error band. 

This definition encompasses the major components which com- 
prise settling time. They include: (1) propagation delay through 
the amplifier; (2) slewing time to approach the final output 
value; (3) the time of recovery from the overload associated with 
slewing; and (4) linear settling to within the specified error 
band. 

Expressed in these terms, the measurement of settling time 
is obviously a challenge and needs to be done accurately to 
assure the user that the amplifier is worth consideration for the 



OUTPUT: 

10V/DIV 


OUTPUT 

ERROR: 

0.02%/DIV 


Figure 22. AD842 0.01% Settling Time 


application. 



Figure 23 shows how measurement of the AD842’s 0.01% set- 
tling in 100 ns was accomplished by amplifying the error signal 
from a false summing junction with a very high-speed propri- 
etary hybrid error amplifier specially designed to enable testing 
of small settling errors. The device under test was driving a 
300 fi load. The input to the error amp is clamped in order to 
avoid possible problems associated with the overdrive recovery 
of the oscilloscope input amplifier. The error amp gains the 
error from the false summing junction by 15, and it contains a 
gain vernier to fine trim the gain. 

Figure 24 shows the “long term” stability of the settling charac- 
teristics of the AD842 output after a 10 V step. There is no evi- 
dence of settling tails after the initial transient recovery time. 
The use of a junction isolated process, together with careful lay- 
out, avoids these problems by minimizing the effects of transis- 
tor isolation capacitance discharge and thermally induced shifts 
in circuit operating points. These problems do not occur even 
under high output current conditions. 

GROUNDING AND BYPASSING 

In designing practical circuits with the AD842, the user must 
remember that whenever high frequencies are involved, some 



Figure 24. AD842 Settling Demonstrating No Settling 
Tails 

special precautions are in order. Circuits must be built with 
short interconnect leads. Large ground planes should be used 
whenever possible to provide a low resistance, low inductance 
circuit path, as well as minimizing the effects of high frequency 
coupling. Sockets should be avoided because the increased inter- 
lead capacitance can degrade bandwidth. 
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AD842 

Feedback resistors should be of low enough value to assure that 
the time constant formed with the circuit capacitances will not 
limit the amplifier performance. Resistor values of less than 
5 kfl are recommended. If a larger resistor must be used, a 
small (<10 pF) feedback capacitor connected in parallel with the 
feedback resistor, R F , may be used to compensate for these 
stray capacitances and optimize the dynamic performance of the 
amplifier in the particular application. 

Power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. A 2.2 jxF capacitor in parallel 
with a 0.1 |xF ceramic disk capacitor is recommended. 

CAPACITIVE LOAD DRIVING ABILITY 

Like all wideband amplifiers, the AD842 is sensitive to capaci- 
tive loading. The AD842 is designed to drive capacitive loads 
of up to 20 pF without degradation of its rated performance. 
Capacitive loads of greater than 20 pF will decrease the dynamic 
performance of the part although instability should not occur 
unless the load exceeds 100 pF. 

USING A HEAT SINK 

The AD842 draws less quiescent power than most precision 
high speed amplifiers and is specified for operation without a 
heat sink. However, when driving low impedance loads, the cur- 
rent to the load can be 10 times the quiescent current. This will 
create a noticeable temperature rise. Improved performance can 
be achieved by using a small heat sink such as the Aavid Engi- 
neering #602B. 

TERMINATED LINE DRIVER 

The AD842 is optimized for high speed line driver applications. 
Figure 25 shows the AD842 driving a doubly terminated cable 
in a gain-of-2 follower configuration. The AD842 maintains a 
typical slew rate of 375 V/p,s, which means it can drive a 
±10 V, 6.0 MHz signal or a ±3 V, 19.9 MHz signal. 

The termination resistor, R T , (when equal to the characteristic 
impedance of the cable) minimizes reflections from the far end 
of the cable. A back- termination resistor (R BT , also equal to the 
characteristic impedance of the cable) may be placed between 
the AD842 output and the cable in order to damp any stray sig- 
nals caused by a mismatch between R T and the cable’s charac- 
teristic impedance. This will result in a “cleaner” signal. With 
this circuit, the voltage on the line equals V IN because one half 
of V OU T is dropped across R BX . 

The AD842 has ±100 mA minimum output current and, there- 
fore, can drive ±5 V into a 50 H cable. 

The feedback resistors, Rj and R 2 , must be chosen carefully. 
Large value resistors are desirable in order to limit the amount 
of current drawn from the amplifier output. But large resistors 
can cause amplifier instability because the parallel resistance 
Rjl^ combines with the input capacitance (typically 2-5 pF) to 
create an additional pole. Also, the voltage noise of the AD842 
is equivalent to a 5 kfl resistor, so large resistors can signifi- 
cantly increase the system noise. Resistor values of 1 kfl or 
2 kfl are recommended. 

If termination is not used, cables appear as capacitive loads and 
can be decoupled from the AD842 by a resistor in series with 
the output. 



Figure 25. Line Driver Configuration 


OVERDRIVE RECOVERY 

Figure 26 shows the overdrive recovery capability of the AD842. 
Typical recovery time is 80 ns from negative overdrive and 
400 ns from positive overdrive. 



OVERDRIVEN OUTPUT: 
10V/DI VISION 


INPUT SQUARE WAVE: 
1V/DIVISION 


TIME: lOOns/DI VISION 


Figure 26. Overdrive Recovery 


0.1 fxF 



Figure 27. Overdrive Recovery Test Circuit 
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□ ANALOG 
DEVICES 


AD843 


34 MHz, CBFET 
Fast Settling Op Amp 


FEATURES 
AC PERFORMANCE 
Unity Gain Bandwidth: 34 MHz 
Fast Settling: 135 ns to 0.01% 

Slew Rate: 250 V/|xs 
Stable at Gains of 1 or Greater 
Full Power Bandwidth: 3.9 MHz 
DC PERFORMANCE 

Input Offset Voltage: 1 mV max (AD843K/B) 

Input Bias Current: 0.6 nA typ 

Input Voltage Noise: 19 nV/VHz 
Open Loop Gain: 30 V/mV into a 500 H Load 
Output Current: 50 mA min 
Supply Current: 13 mA max 

Available in 8-Pin Plastic Mini-DIP & Cerdip Packages, 
20-Pin LCC and 12-Pin Hermetic Metal Cans 
Chips and MIL-STD-883B Parts Also Available 
APPLICATIONS 

High Speed Sample-and-Hold Amplifiers 
High Bandwidth Active Filters 
High Speed Integrators 
High Frequency Signal Conditioning 


PRODUCT DESCRIPTION 

The AD843 is a fast settling, 34 MHz, CBFET input op amp. 
The AD843 combines the low (0.6 nA) input bias currents char- 
acteristic of a FET input amplifier while still providing a 
34 MHz bandwidth and a 135 ns settling time (to within 0.01% 
of final value for a 10 volt step). The AD843 is a member of the 
Analog Devices’ family of wide bandwidth operational amplifi- 
ers. These devices are fabricated using Analog Devices’ junction 
isolated complementary bipolar (CB) process. This process per- 
mits a combination of dc precision and wideband ac perform- 
ance previously unobtainable in a monolithic op amp. 

The 250 V/jxs slew rate and 0.6 nA input bias current of the 
AD843 ensure excellent performance in high speed sample-and- 
hold applications and in high speed integrators. This amplifier is 
also ideally suited for high bandwidth active filters and high fre- 
quency signal conditioning circuits. 

Unlike many high frequency amplifiers, the AD843 requires no 
external compensation and it remains stable over its full operat- 
ing temperature range. It is available in five performance grades: 
the AD843J and AD843K are rated over the commercial tempera- 
ture range of 0°C to + 70°C. The AD843A and AD843B are rated 
over the industrial temperature range of -40°C to + 85°C. The 
AD843S is rated over the military temperature range of -55°C 
to + 125°C and is available processed to MIL-STD-883B, Rev. C. 
The AD843 is offered in either 8-pin plastic DIP or hermetic 
cerdip packages, in 16-pin SOIC, or in a 12-pin metal can. 

Chips are also available. 


CONNECTION DIAGRAMS 


16-Pin SOIC Package 



Plastic (N) and 
Cerdip (Q) Package 



BALANCE 

+V S 

OUTPUT 

NC 


LCC (E) Package 


TO-8 (H) Package 

TOP VIEW 



NOTE: CAN TIED TOV + 

NC = NO CONNECT 



PRODUCT HIGHLIGHTS 

1 . The high slew rate, fast settling time and low input bias 
current of the AD843 make it the ideal amplifier for 12-bit 
D/A and A/D buffers, for high speed sample-and-hold ampli- 
fiers and for high speed integrator circuits. The AD843 

can replace many FET input hybrid amplifiers such as the 
LH0032, LH4104 and OPA600. 

2. Fully differential inputs provide outstanding performance in 
all standard high frequency op amp applications such as sig- 
nal conditioning and active filters. 

3. Laser wafer trimming reduces the input offset voltage to 
1 mV max (AD843K and AD843B). 

4. Although external offset nulling is unnecessary in many 
applications, offset null pins are provided. 

5. The AD843 does not require external compensation at closed 
loop gains of 1 or greater. 
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AD843— SPECIFICATIONS 


(@ T a +25°C and ±15 V dc, unless otherwise noted) 





AD843J/A 


AD843K/B 



AD843S 



Model 

Conditions 

Min 

Typ Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

INPUT OFFSET VOLTAGE 1 



1.0 2.0 


0.5 

1.0 


1.0 

2.0 

mV 


T mi „-T mnv 


1.7 4.0 


1.2 

2.0 


3.0 

4.5 

mV 

Offset Drift 



12 


12 

35 


12 


\xV/°C 

INPUT BIAS CURRENT 

Initial (Tj = +25°C) 


50 


40 



50 


pA 


Warmed-Up 1 


0.8 2.5 


0.6 

1.0 


0.8 

2.5 

nA 


T min — T^ 


60/160 



23/65 



2600 

nA 

INPUT OFFSET CURRENT 

Initial (Tj = +25°C) 


30 


20 



30 


pA 


Warmed-Up 1 


0.25 1.0 


0.2 

0.4 


0.25 

1.0 

nA 


T mm -T m „ 


23/64 



9/26 



1025 

nA 

INPUT CHARACTERISTICS 











Input Resistance 



10 10 


10 10 



10 10 


a 

Input Capacitance 



6 


6 



6 


pF 

INPUT VOLTAGE RANGE 











Common Mode 


±10 

+ 12, 

±10 

+ 12, 


±10 

+ 12, 


V 




-13 


-13 



-13 



COMMON MODE REJECTION 

V CM = ±10 V 

60 

72 

70 

76 


60 

72 


dB 


T min -T max 

60 

72 

68 

76 


60 

72 


dB 

INPUT VOLTAGE NOISE 

f = 10 kHz 


19 


19 



19 


nV/VHz 

Wideband Noise 

10 Hz to 10 MHz 


60 


60 



60 


fiV rms 

OPEN LOOP GAIN 

V 0 = ±10 V 
^load— 500 H 

15 

25 

20 

30 


15 

30 


V/mV 



10 

20 

10 

25 


10 

25 


V/mV 

OUTPUT CHARACTERISTICS 











Voltage 

Rload— 500 a 

±10 

+ 11.5, 

±10 

+ 11.5, 


±10 

+ 11.5, 


V 




-12.6 


-12.6 



-12.6 



Current 

V OUT = ±10 v 

50 


50 



50 



mA 

Output Resistance 

Open Loop 


12 


12 



12 


a 

FREQUENCY RESPONSE 











Unity Gain Bandwidth 

V OU T = 90 mV p-p 


34 


34 



34 


MHz 

Full Power Bandwidth 2 

V 0 = 20 V p-p 
Rl>500 a 

2.5 

3.9 

2.5 

3.9 


2.5 

3.9 


MHz 

Rise Time 

AycL = 


10 


10 



10 


ns 

Overshoot 

A-vcl = — 1 


15 


15 



15 


% 

Slew Rate 

^VCL = ~ 1 

160 

250 

160 

250 


160 

250 


V/|xs 

Settling Time 

10 V Step 

A-vcl = -1 
to 0.1% 


95 


95 



95 


ns 


to 0.01% 


135 


135 



135 


ns 

Overdrive Recovery 

-Overdrive 


200 


200 



200 


ns 


+ Overdrive 


700 


700 



700 


ns 

Differential Gain 

f = 4.4 MHz 


0.025 


0.025 



0.025 


% 

Differential Phase 

f = 4.4 MHz 


0.025 


0.025 



0.025 


Degree 

POWER SUPPLY 











Rated Performance 



±15 


±15 



±15 


V ■ 

Operating Range 


±4.5 

±18 

±4.5 


±18 

±4.5 


±18 

V 

Quiescent Current 



12 13 


12 

13 


12 

13 

mA 


T mi n-T max 


12.3 14 


12.3 • 

14 


12.5 

16 

mA 

Rejection Ratio 

±5 Vto ±18 V 

65 

76 

70 

80 


65 

76 


dB 

Rejection Ratio 

T -T 

A min- A max 

62 

76 

68 

80 


62 

76 


dB 

TEMPERATURE RANGE 











Operating, Rated Performance 











Commercial (0 to +70°C) 



AD843J 


AD843K 






Industrial (~40°C to +85°C) 
Military (-55°C to +125°C) 3 



AD843A 


AD843B 



AD843S 



PACKAGE OPTIONS 4 











Plastic (N) 



AD843JN 


AD843KN 






Cerdip (Q) 



AD843AQ 


AD843BQ 


AD843SQ, AD843SQ/883B 


Metal Can (H) 





AD843BH 



AD843SH 



LCC (E) 5 







AD843SE, AD843SE/883B 


SOIC (R) 



AD843JR 




1 
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NOTES 

Specifications are guaranteed after 5 minutes at T A = + 25°C. 

2 Full power bandwidth = Slew Rate/2 t rV peak. 

3 A11 “S” grade T min -T max specifications are tested with automatic test equipment at T A = -55°C and T A = +125°C. 

4 For outline information see Package Information section. 

5 Contact factory for availability. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed although only those shown in boldface are tested on all production units. 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±18 V 

Internal Power Dissipation 2 

Plastic Package 1.50 Watts 

Cerdip Package 1.35 Watts 

12-Pin Header Package 1.80 Watts 

20-Pin LCC Package 1.0 Watt 

Input Voltage ±V S 

Output Short Circuit Duration Indefinite 

Differential Input Voltage +V S and — V s 

Storage Temperature Range (N, R) -65°C to + 150°C 

Storage Temperature Range (Q, H) -65°C to + 125°C 

Operating Temperature Range 

AD843J/K 0 to +70°C 

AD843A/B -40°C to + 85°C 

AD843S -55°C to +125°C 

Lead Temperature Range (Soldering 60 sec) 300°C 


NOTES 

‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

2 8-Pin Plastic Package: 0 JA = 100°C/Watt 
8-Pin Cerdip Package: 0 JA = 110°C/Watt 
12-Pin Header Package: 0 JA = 80°C/Watt 
20-Pin LCC Package: Q JA = 150°C/Watt 


METALIZATION PHOTOGRAPH 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 
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AD843 — Typical Characteristics 



SUPPLY VOLTAGE - ± Volts SUPPLY VOLTAGE - ± Volts LOAD RESISTANCE - 11 


Figure 1. Input Voltage Range vs. 
Supply Voltage 


Figure 2. Output Voltage Swing 
vs. Supply Voltage 


Figure 3. Output Voltage Swing 
vs. Load Resistance 



SUPPLY VOLTAGE - ± Volts JUNCTION TEMPERATURE - °C 
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Figure 4. Quiescent Current vs. Figure 5. Input Bias Current vs. Figure 6. Output Impedance vs. 

Supply Voltage Junction Temperature Frequency 



Figure 7. Input Bias Current vs. Figure 8. Short Circuit Current Figure 9. Gain Bandwidth Product 

Common Mode Voltage Limit vs. Junction Temperature (Tj) vs. Temperature 
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Typical Characteristics— AD843 




0 5 10 15 20 

SUPPLY VOLTAGE - ± Volts 



100 Ik 10k 100k 1M 10M 100M 

FREQUENCY - Hz 


Figure 10. Open Loop Gain and 
Phase Margin vs. Frequency 


Figure 11. Open Loop Gain vs. 
Supply Voltage 


Figure 12. Power Supply 
Rejection vs. Frequency 



Figure 13. Common Mode 
Rejection vs. Frequency 


Figure 14. Large Signal Frequency 
Response 


Figure 15. Output Swing and 
Error vs. Settling Time 



Figure 16. Harmonic Distortion vs. Figure 17. Input Noise Voltage Spectral Figure 18. Slew Rate vs. 

Frequency Density Temperature 
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LOAD RESISTANCE - il 


Figure 19. Open Loop Gain vs. 
Resistive Load 


Figure 20a> Inverting Amplifier 
Connection 



Figure 20b. Inverter Large Signal 
Pulse Response. C F - 0, 

C L = 10 pF 



Figure 20c. Inverter Small Signal 
Pulse Response. C F = 0, 

C L = 10 pF 


Figure 20d. Inverter Large Signal 
Pulse Response. C F = 5 pF, 

C L = 110 pF 


Figure 20e. Inverter Small Signal 
Pulse Response. C F = 5 pF, 

C L = 110 pF 



Figure 21a. Unity Gain Inverter 
Circuit for Driving Capacitive 
Loads 


Figure 21b. Inverter Cap Load 
Large Signal Pulse Response. 
C F = 15 pF, C L = 410 pF 


Figure 21c. Inverter Cap Load 
Small Signal Pulse Response. 
C F = 15 pF, C L = 410 pF 
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Figure 22a. Unity Gain Buffer 
Amplifier 


Figure 22b. Buffer Large Signal 
Pulse Response. C L = 10 pF 


Figure 22c. Buffer Small Signal 
Pulse Response. C L = 10 pF 


20011 

■AAAr 


C F 33pF 



Figure 23a. Unity Gain Buffer 
Circuit for Driving Capacitive 
Loads 



Figure 23b. Buffer Cap Load Large Figure 23c. Buffer Cap Load Small 
Signal Pulse Response. Signal Pulse Response. 

Cfz = 33 pF, C L = lOpF C F = 33 pF, C L = 10 pF 



Figure 23d. Buffer Cap Load Large Figure 23e. Buffer Cap Load Small 
Signal Pulse Response. Signal Pulse Response. 

C F = 33 pF, C L = 110 pF C F = 33 pF, C L = 110 pF 
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DRIVING CAPACITIVE LOADS 

Like most high bandwidth amplifiers, the AD843 is sensitive to 
capacitive loading. Although it will drive capacitive loads up to 
20 pF without degradation of its rated performance, both an 
increased capacitive load drive capability and a “cleaner” (non- 
ringing) pulse response can be obtained from the AD843 by 
using the circuits illustrated in Figures 20 to 23. The addition of 
a 5 pF feedback capacitor to the unity gain inverter connection 
(Figure 20a ) substantially reduces the circuit’s overshoot, even 
when it is driving a 110 pF load. This can be seen by comparing 
the waveforms of Figures 20b through 20e. To drive capacitive 
loads greater than 100 pF, the load should be decoupled from 
the amplifier’s output by a 10 fl resistor and the feedback 
capacitor, C F , should be connected directly between the amplifi- 
er’s output and its inverting input (Figure 21a). When using a 
15 pF feedback capacitor, this circuit can drive 400 pF with less 
than 20% overshoot, as illustrated in Figures 21b and 21c. 
Increasing capacitor C F to 47 pF also increases the capacitance 
drive capability to 1000 pF, at the expense of a 10:1 reduction 
in bandwidth compared with the simple unity gain inverter cir- 
cuit of Figure 20a. 

Unity gain voltage followers (buffers) are more sensitive to 
capacitive loads than are inverting amplifiers because there is no 
attenuation of the feedback signal. The AD843 can drive 10 pF 
to 20 pF when connected in the basic unity gain buffer circuit 
of Figure 22a. 

The 1 ka resistor in series with the AD843’s noninverting input 
serves two functions: first, together with the amplifier’s input 
capacitance, it forms a low pass filter which slows down the 
actual signal seen by the AD843. This helps reduce ringing on 
the amplifier’s output voltage. The resistor’s second function is 
to limit the current into the amplifier when the differential input 
voltage exceeds the total supply voltage. 

The AD843 will deliver a much “cleaner” pulse response when 
connected in the somewhat more elaborate follower circuit of 
Figure 23a. Note the reduced overshoot in Figure 23b and 23c 
as compared to Figure 22b and 22c. 

For maximum bandwidth, in most applications, input and feed- 
back resistors used with the AD843 should have resistance val- 
ues equal to or less than 1.5 kO. Even with these 4ow resistance 
values, the resultant RC time constant formed between them 
and stray circuit capacitances is large enough to cause peaking in 
the amplifier’s response. Adding a small capacitor, C F , as shown 
in Figures 20a to 23a will reduce this peaking and flatten the 
overall frequency response. C F will normally be less than 10 pF 
in value. 

The AD843 can drive resistive loads over the range of 500 (1 to 
oo with no change in dynamic response. While a 499 fl load was 
used in the circuits of Figures 20-23, the performance of these 
circuits will be essentially the same even if this load is removed 
or changed to some other value, such as 2 kft. 

To obtain the “cleanest” possible transient response when driv- 
ing heavy capacitive loads, be sure to connect bypass capacitors 
directly between the power supply pins of the AD843 and 
ground as outlined in “grounding and bypassing.” 


GROUNDING AND BYPASSING 

In designing practical circuits using the AD843, the user must 
keep in mind that some special precautions are needed when 
dealing with high frequency signals. Circuits must be wired 
using short interconnect leads. Ground planes should be used 
whenever possible to provide both a low resistance, low induc- 
tance circuit path and to minimize the effects of high frequency 
coupling. IC sockets should be avoided, since their increased 
interlead capacitance can degrade the bandwidth of the device. 

Power supply leads should be bypassed to ground as close as 
possible to the pins of the amplifier. Again, the component leads 
should be kept very short. As shown in Figure 24, a parallel 
combination of a 2.2 (xF tantalum and a 0.1 |j.F ceramic disc 
capacitor is recommended. 



Figure 24. Recommended Power Supply Bypassing for 
the AD843 (DIP Pinout) 

USING A HEAT SINK 

The AD843 consumes less quiescent power than most precision 
high speed amplifiers and is specified to operate without using a 
heat sink. However, when driving low impedance loads, the cur- 
rent applied to the load can be 4 to 5 times greater than the qui- 
escent current. This will produce a noticeable temperature rise, 
which will increase input bias currents. The use of a small heat 
sink, such as the Mouser Electronics #33HS008 is recommended. 



Offset Null Configuration (DIP Pinout) 
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SAMPLE-AND-HOLD AMPLIFIER CIRCUITS 
A Fast Switching Sample & Hold Circuit 

A sample-and-hold circuit possessing short acquisition time and 
low aperture delay can be built using an AD843 and discrete 
JFET switches. The circuit of Figure 25 employs five n-channel 
JFETs (with turn-on times of 35 ns) and an AD843 op amp 
(which can settle to 0.01% in 135 ns). The circuit has an aper- 
ture delay time of 50 ns and an acquisition time of 1 jjls or less. 

This circuit is based on a noninverting open loop architecture, 
using a differential hold capacitor to reduce the effects of pedes- 
tal error. The charge that is removed from CHI by Q2 and Q3 
is offset by the charge removed from CH2 by Q4 and Q5 . This 
circuit can tolerate low hold capacitor values (approximately 
100 pF), which improve acquisition time, due to the small gate- 
to-drain capacitance of the discrete JFETs. Although pedestal 
error will vary with input signal level, making trimming more 
difficult, the circuit has the advantages of high bandwidth and 
short acquisition times. In addition, it will exhibit some nonlin- 
earity because both amplifiers are operating with a common 
mode input. Amplifier A2, however, contributes less than 
0.025% linearity error, due to its 72 dB common mode rejection 
ratio. 


To make sure the circuit accommodates a wide ±10 V input 
range, the gates of the JFETs must be connected to a potential 
near the -15 V supply. The level-shift circuitry (diode D3, 

PNP transistor Q7, and NPN transistor Q6) shifts the TTL- 
level S/H command to provide for an adequate pinch-off voltage 
for the JFET switches over the full input voltage range. 

The JFETs Q2, Q3, Q4 and Q5 across the two hold capacitors 
ensure signal acquisition for all conditions of V IN and V OUT 
when the circuit switches from the sample to the hold mode. 
Transistor Q1 provides an extra stage of isolation between the 
output of amplifier A1 and the hold capacitor CHI. 

When selecting capacitors for use in a sample-and-hold circuit, 
the designer should choose those types with low dielectric 
absorption and low temperature coefficients. Silvered-mica 
capacitors exhibit low (0 to 100 ppm/°C) temperature coefficients 
and will still work in temperatures exceeding 200°C. It is also 
recommend that the user test the chosen capacitor to insure 
that its value closely matches that printed on it since not all 
capacitors are fully tested by their manufacturers for absolute 
tolerance. 



Figure 25. A Fast Switching Sample-and-Flold Amplifier 
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A PING-PONG S/H AMPLIFIER 

For improved throughput over the circuit of Figure 25, a “ping- 
pong” architecture may be used. A ping-pong circuit overcomes 
some of the problems associated with high speed S/H amplifiers 
by allowing the use of a larger hold capacitor for a given sample 
rate: this will reduce the associated feedthrough, droop and ped- 
estal errors. 

Figure 26 illustrates a simple, four-chip ping-pong sample-and- 
hold amplifier circuit. This design increases throughput by 
using one channel to acquire a new sample while another chan- 
nel holds the previous sample. Instead of having to reacquire the 
signal when switching from hold to sample mode, it alternately 
connects the outputs from Channel 1 or from Channel 2 to the 
A/D converter. In this case, the throughput is the slew rate and 
settling time of the output amplifiers, A2 and A3. 

A high speed CB amplifier, Al, follows the input signal. Ul, a 
dual wide-band “T” switch, connects the input buffer amp to 
one of the two output amplifiers while selecting the complemen- 
tary amplifier to drive the A/D input. For example, when 
“select” is at logic high, Al drives CHI, A2 tracks the input 
signal and the output of A3 is connected to the input of the A/D 
converter. At the same time, A3 holds an analog value and its 


output is connected to the input of the A/D converter. When 
the select command goes to logic LOW, the two output amplifi- 
ers alternate functions. 

Since the input to the A/D converter is the alternated “held” 
outputs from Al and A2, the offset voltage mismatch of the two 
amplifiers will show up as nonlinearity and, therefore, distortion 
in the output signal. To minimize this, potentiometers can be 
used to adjust the offsets of the output amplifiers until they are 
equal. Alternatively, an autocalibration circuit using two D/A 
converters can be employed. This can also be used to calibrate- 
out the effects of offset voltage drift over temperature. 

The switch choice, for Ul, is critical in this type of design. The 
DG542 utilizes “T” switching techniques on each channel for 
exceptionally low crosstalk and for high isolation. The part fur- 
ther improves these specifications by using ground pins between 
the signal pins. With an input frequency of 5 MHz, crosstalk 
and isolation are -85 dB and -75 dB, respectively. A limitation 
of this switch is that it operates from a maximum -5 V negative 
supply, making bipolar operation more difficult. It is recom- 
mended that amplifiers Al, A2 and A3 operate from the same 
-5 V supply to minimize any potential latch-up problems. 


20kft 


Ul 



EQUIVALENT 

SIMPLIFIED 

DIAGRAM 


INI 

IN2 

D1 

D2 

GND 

GND 

SI 

S2 

I DG542DJ I 

S4 

S3 

GND 

GND 

D4 

D3 




FOR AMPLIFIERS Al TO A3, 
ADD BYPASS CAPACITORS 
TO EACH POWER SUPPLY PIN 
AS SHOWN IN FIGURE 24 


CONVERTER 


Figure 26. A Ping-Pong Sample-and-Hold Amplifier 
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Applying the AD843 



TO TEKTRONIX T 
7A26 | 

OSCILLOSCOPE . i 
PREAMP M ft 

INPUT SECTION I 

(VIA LESS THAN | 

1FT. 50ft 

COAXIAL CABLE) V ERR 


250ft 



, X 5 


2x 

HP2835 1 


V 


NOTE 

USE CIRCUIT BOARD 
WITH GROUND PLANE 


__10pF 
I SCOPE 
PROBE 

CAPACITANCE 


Figure 27. Settling Time Test Circuit 


MEASURING AD843 SETTLING TIME 

Figure 28 shows the dynamic response of the AD843 while 
operating in the settling time test circuit of Figure 27. The 
input of the settling time fixture is driven by a flat-top pulse 
generator. The error signal output from Al, the AD843 under 
test, is amplified by op amp A2 and then clamped by two high 
speed Schottky diodes. 

The error signal is clamped to prevent it from greatly overload- 
ing the oscilloscope preamp. A Tektronix oscilloscope preamp 
type 7A26 was chosen because it will recover from the approxi- 
mately 0.4 volt overload, quickly enough to allow accurate mea- 
surement of the AD843’s 135 ns settling time. Amplifier A2 is a 
very high speed op amp; it provides a voltage gain of 10, pro- 
viding a total gain of 5 from the error signal to the oscilloscope 
input. 



Figure 28. Settling Characteristics: +10 V to 0 V Step. 
Upper Trace: Amplified Error Voltage ( 0.01%/Div ) 
Lower Trace: Output of AD843 Under Test (5 V/Div) 
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A FAST PEAK DETECTOR CIRCUIT 

The peak detector circuit of Figure 29, can accurately capture 
the amplitude of input pulses as narrow as 200 ns and can hold 
their value with a droop rate of less than 20 |jlV/(jls. This circuit 
will capture the peak value of positive polarity waveforms; to 
detect negative peaks, simply reverse the polarity of the two 
diodes. 

The high bandwidth and 200 V/ps slew rate of amplifier A2, an 
AD843, allows the detector’s output to “keep up” with its input 
thus minimizing overshoot. The low (<1 nA) input current of 
the AD843 ensures that the droop rate is limited only by the 
reverse leakage of diode D2, which is typically <10 nA for the 
type shown. The low droop rate is apparent in Figure 30. The 


detector’s output (top trace) loses slightly over a volt of the 8 
volt peak input value (bottom trace) in 75 ms, or a rate of 
approximately 16 jjlV/|xs 

Amplifier Al, an AD847, can drive 680 pF hold capacitor, C P , 
fast enough to “catch-up” with the next peak in 100 ns and still 
settle to the new value in 250 ns, as illustrated in Figure 31. 
Reducing the value of capacitor C P to 100 pF will maximize the 
speed of this circuit at the expense of increased overshoot and 
droop. Since the AD847 can drive an arbitrarily large value of 
capacitance, C P can be increased to reduce droop, at the expense 
of response time. 


Ikft 



Figure 29. A Fast Peak Detector Circuit 



TOP TRACE: PEAK DETECTOR OUTPUT TOP TRACE: PEAK DETECTOR OUTPUT, 8V 

BOTTOM TRACE: INPUT, 8V PEAK (W 125Hz BOTTOM TRACE: INPUT VOLTAGE, 8V PEAK, 

650ns PULSE WIDTH 


Figure 30. Peak Detector Response to 125 Fiz Pulse Train Figure 31. Peak Capture Time 


2-100 OPERATIONAL AMPLIFIERS 


REV. A 



□ ANALOG 
DEVICES 


AD844 


60MHz, 2000V/|jts 
Monolithic Op Amp 


FEATURES 

Wide Bandwidth: 60MHz at Gain of -1 
33MHz at Gain of -10 

Very High Output Slew Rate: Up to 2000V/p.s 
20MHz Full Power Bandwidth, 20 V pk-pk, R L =50011 
Fast Settling: 100ns to 0.1% (10V Step) 

Differential Gain Error: 0.03% at 4.4MHz 
Differential Phase Error: 0.15° at 4.4MHz 
High Output Drive: ±50mA into 5011 Load 
Low Offset Voltage: 150pV max (B Grade) 

Low Quiescent Current: 6.5mA 

APPLICATIONS 
Flash ADC Input Amplifiers 
High Speed Current DAC Interfaces 
Video Buffers and Cable Drivers 
Pulse Amplifiers 

PRODUCT DESCRIPTION 

The AD844 is a high speed monolithic operational amplifier fab- 
ricated using Analog Devices’ junction isolated complementary 
bipolar (CB) process. It combines high bandwidth and very fast 
large signal response with excellent dc performance. Although 
optimized for use in current to voltage applications and as an 
inverting mode amplifier, it is also suitable for use in many non- 
inverting applications. 

The AD844 can be used in place of traditional op amps, but its 
current feedback architecture results in much better ac perfor- 
mance, high linearity and an exceptionally clean pulse response. 

This type of op amp provides a closed-loop bandwidth which is 
determined primarily by the feedback resistor and is almost in- 
dependent of the closed-loop gain. The AD844 is free from the 
slew rate limitations inherent in traditional op amps and other 
current-feedback op amps. Peak output rate of change can be 
over 2000V/fjis for a full 20V output step. Settling time is typi- 
cally 100ns to 0.1%, and essentially independent of gain. The 
AD844 can drive 5011 loads to ±2.5V with low distortion and is 
short circuit protected to 80mA. 

The AD 844 is available in four performance grades and three 
package options. In the 16-pin SOIC (R) package, the AD844J 
is specified for the commercial temperature range of 0 to +70°C. 
The AD844A and AD844B are specified for the industrial 
temperature range of -40°C to +85°C and are available in the 
cerdip (Q) package. The AD844A is also available in an 8-pin 
plastic mini-DIP (N). The AD844S is specified over the military 
temperature range of -55°C to + 125°C and is available in the 
cerdip (Q) package. “A” and “S” grade chips and devices pro- 
cessed to MIL-STD-883B, REV. C are also available. 


CONNECTION DIAGRAM 


8-Pin 

Plastic (N), 
and Cerdip (Q) 
Packages 



NULL 

+V S 

OUTPUT 

TZ 


16-Pin SOIC 
(R) Package 



PRODUCT HIGHLIGHTS 

1 . The AD844 is a versatile, low cost component providing an 
excellent combination of ac and dc performance. It may be 
used as an alternative to the EL2020 and CLC400/1. 

2. It is essentially free from slew rate limitations. Rise and fall 
times are essentially independent of output level. 

3. The AD844 can be operated from ±4.5V to ±18V power 
supplies and is capable of driving loads down to 50fl, as 
well as driving very large capacitive loads using an external 
network. 

4. The offset voltage and input bias currents of the AD844 are 
laser trimmed to minimize dc errors; V Q s drift is typically 
l|xV/°C and bias current drift is typically 9nA/°C. 

5 . The AD844 exhibits excellent differential gain and differen- 
tial phase characteristics, making it suitable for a variety of 
video applications with bandwidths up to 60MHz. 

6. The AD844 combines low distortion, low noise and low drift 
with wide bandwidth, making it outstanding as an input am- 
plifier for flash A/D converters. 
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AD844 — SPECIFICATIONS (@ T a + 25°C and V S =±15V dc, unless otherwise noted) 


Model 

Conditions 

AD844J/A 

Min Typ Max 

AD844B 

Min Typ Max 

AD844S 

Min Typ Max 

Units 

INPUT OFFSET VOLTAGE 1 


50 300 

50 150 

50 300 




75 500 

75 200 

125 500 

M*V 

vs. Temperature 


1 

1 5 

1 5 

|xV/°C 

vs. Supply 

5V-18V 





Initial 


4 20 

4 10 

4 20 

|xV/V 

T -T 

x mm max 


4 

4 10 

4 20 

|xV/V 

vs. Common Mode 

V C m=±10V 





Initial 


10 35 

10 20 

10 35 

(iV/V 

T -T 


10 

10 20 

10 35 

|aV/V 

INPUT BIAS CURRENT 






-Input Bias Current 1 


200 450 

150 250 

200 450 

nA 

T -T 


800 1500 

750 1100 

1900 2500 

nA 

vs. Temperature 


9 

9 15 

20 30 

nA/°C 

vs. Supply 

5V-18V 





Initial 


175 250 

175 200 

175 250 

nA/V 

T -T 


220 

220 240 

220 300 

nA/V 

vs. Common Mode 

V CM = ± 10V 





Initial 


90 160 

90 110 

90 160 

nA/V 

T -T 


110 

no iso 

120 200 

nA/V 

+ Input Bias Current 1 


150 400 

100 200 

100 400 

nA 

T -T 


350 700 

300 500 

800 1300 

nA 

vs. Temperature 


3 

3 7 

7 15 

nA/°C 

vs. Supply 

5V-18V 





Initial 


80 150 

80 100 

80 150 

nA/V 

T -T 


100 

100 120 

120 200 

nA/V 

vs. Common Mode 

V CM = ± 10V 





Initial 


90 150 

90 120 

90 150 

nA/V 

T^-T™, 


130 

130 190 

140 200 

nA/V 

INPUT CHARACTERISTICS 






Input Resistance 






—Input 


50 65 

50 65 

50 65 

n 

+ Input 


7 10 

7 10 

7 10 

Mil 

Input Capacitance 






-Input 


2 

2 

2 

pF 

+ Input 


2 

2 

2 

pF 

Input Voltage Range 






Common Mode 


±10 

±10 

±10 

V 

INPUT VOLTAGE NOISE 

f>lkHz 

2 

2 

2 

nV/VHz 

INPUT CURRENT NOISE 






-Input 

f>lkHz 

10 

10 

10 

pA/\/Hz 

+ Input 

f> 1kHz 

12 

12 

12 

pA/VHz 

OPEN LOOP TRANSRESISTANCE 

V OUT = ± 10V 






Rload = 500O 

2.2 3.0 

2.8 3.0 

2.2 3.0 

Mfi 

T -T 

x min * max 


1.3 2.0 

1.6 2.0 

1.3 1.6 

MCI 

Transcapacitance 


4.5 

4.5 

4.5 

pF 

DIFFERENTIAL GAIN ERROR 2 

f=4.4MHz 

0.03 

0.03 

0.03 

% 

DIFFERENTIAL PHASE ERROR 2 

f=4.4MHz 

0.15 

0.15 

0.15 

Degree 

FREQUENCY RESPONSE 






Small Signal Bandwidth 






3 Gain=-l 


60 

60 

60 

MHz 

4 Gain= - 10 


33 

33 

33 

MHz 

TOTAL HARMOMIC DISTORTION 

f= 100kHz, 






2V rms 5 

0.005 

0.005 

0.005 

% 

SETTLING TIME 






10V Output Step 

±15V Supplies 





Gain= — 1, to 0.1% 5 


100 

100 

100 

ns 

Gain= - 10, to 0. 1% 6 


100 

100 

100 

ns 

2V Output Step 

±5V Supplies 





Gain=-1, to 0.1% 5 


110 

110 

110 

ns 

Gain= - 10, to 0. 1% 6 


100 

100 

100 

ns 
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Model 

Conditions 

AD844J/A 

Min Typ Max 

AD844B 

Min Typ Max 

AD844S 

Min Typ Max 

Units 

OUTPUT SLEW RATE 

Overdriven 






Input 

1200 2000 

1200 2000 

1200 2000 

V/fJLS 

FULL POWER BANDWIDTH 






V out = 20V p-p 5 

V S =±15V 

20 

20 

20 

MHz 

V OU t= 2V p-p 5 

V S =±5V 

20 

20 

20 

MHz 


THD=3% 





OUTPUT CHARACTERISTICS 






Voltage 

Rload = 500H 

10 11 

10 11 

10 11 

±V 

Short Circuit Current 


80 

80 

80 

mA 

T -T 

x min A max 


60 

60 

60 

mA 

Output Resistance 

Open Loop 

15 

15 

15 

n 

POWER SUPPLY 






Operating Range 


±4.5 ±18 

±4.5 ±18 

±4.5 ±18 

V 

Quiescent Current 


6.5 7.5 

6.5 7.5 

6.5 7.5 

mA 

T -T 

mm A max 


7.5 8.5 

7.5 8.5 

8.5 9.5 

mA 


NOTES 

'Rated performance after a 5 minute warmup at T A =25°C. 

2 Input signal 285mV p-p carrier (40 IRE) riding on 0 to 642mV (90 IRE) ramp. R L = 100(1; Rl, R2=300(l. 
3 Input signal OdBm, C L =10pF, R L =500(1, Rl = 500(1, R2= 500(1 in Figure 26. 

4 Input signal OdBm, C L =10pF, R L = 500(1, R1 =500(1, R2=50(l in Figure 26. 

5 C l = lOpF, R L = 500(1, Rl = lk(l, R2=lka in Figure 26. 

6 C l = lOpF, R L =500(1, Rl=500(l, R2=50(l in Figure 26. 

Specifications subject to change without notice. All min and max specifications are guaranteed. 
Specifications shown in boldface are tested on all production units at final electrical test. 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±18V 

Power Dissipation 2 1.1W 

Output Short Circuit Duration Indefinite 

Common Mode Input Voltage ±V S 

Differential Input Voltage 6V 

Inverting Input Current 

Continuous 5mA 

Transient 10mA 

Storage Temperature Range Q -65°C to + 150°C 

N, R -65°C to + 125°C 

Lead Temperature Range (Soldering 60sec) +300°C 


NOTES 

'Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

2 8-Pin Plastic Package: 0 JA = 100°C/Watt 
8-Pin Cerdip Package: 0 JA =11O°C/Watt 
16-Pin SOIC Package: 0 JA =1OO°C/Watt 


ORDERING GUIDE 1 


Model 1 

Temperature 

Range 

Package 

Option 2 

AD844JR 

0°C to +70°C 

R-16 

AD844AN 

— 40°C to +85°C 

N-8 

AD844AQ 

-40°C to +85°C 

Q-8 

AD844BQ 

-40°C to +85°C 

Q-8 

AD844SQ 

— 55°C to + 125°C 

Q-8 

AD844SQ/883B 

-55°C to + 125°C 

Q-8 


NOTES 

S'“A” and “S” grade chips are also available. 

2 N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 


MET ALIZATION PHOTOGRAPH 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 
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INPUT BIAS CURRENT - ixA MAGNITUDE OF THE INPUT VOLTAGE - 


AD844— Typical Characteristics (T a =+ 25°C and V S =±15V unless otherwise noted) 



Figure 1. -3dB Bandwidth vs. Figure 2. Harmonic Distortion Figure 3. Transresistance 

Supply Voltage R1 = R2 = 500(2 vs. Frequency, R1 = R2=1k(2 vs. Temperature 



o 5 10 15 20 0 5 10 15 20 -60 -40 - 20 0 +20 +40 +60 +80 +100+120 +140 

SUPPLY VOLTAGE - ± V/olts SUPPLY VOLTAGE - ±Volts TEMPERATURE - °C 


Figure 4. Noninverting Input Voltage Figure 5. Output Voltage Swing Figure 6. Quiescent Supply Current 

Swing vs. Supply Voltage vs. Supply Voltage vs. Temperature and Supply Voltage 



-50 0 50 100 150 10k 100k 1M 10M 100m -60 -40 -20 0 +20 +40 +60 +80 +100 +120 + 140 

TEMPERATURE - °C FREQUENCY - Hz TEMPERATURE - °C 


Figure 7. Inverting Input Bias Cur- Figure 8. Output Impedance Figure 9. -3dB Bandwidth vs. 

rent (l BN ) and Noninverting Input vs. Frequency, Gain=-1, R1 =R2= lk(l Temperature, Gain=-1, 

Bias Current (l BP ) vs. Temperature R1 =R2=1k(2 
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FREQUENCY - Hz 

FREQUENCY - MHz 

Figure 15. Gain of - 10 Amplifier 

Figure 16. Gain vs. Frequency , 

Gain = — 10 

Figure 17. Phase vs. Frequency, 
Gain=-10 
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AD844 

Inverting Gain of 10 Pulse Response 



Figure 18. Large Signal Pulse Figure 19. Small Signal Pulse 

Response, Gain=-10, R L = 5000 Response, Gain=~10, R L = 5000 


Noninverting Gain of 10 AC Characteristics 
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FREQUENCY - MHz 


Figure 20. Noninverting Gain of 
+ 10 Amplifier 


Figure 21. Gain vs. Frequency, 
Gain= + 10 


Figure 22. Phase vs. Frequency, 
Gain= + 10 



Figure 23. Noninverting Amplifier Large Signal 
Pulse Response, Gain= + 10, R L = 500ft 



Figure 24. Small Signal Pulse 
Response, Gain= + 10, R L = 5000 
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UNDERSTANDING THE AD844 

The AD844 can be used in ways similar to a conventional op 
amp while providing performance advantages in wideband appli- 
cations. However, there are important differences in the internal 
structure which need to be understood in order to optimize the 
performance of the AD844 op amp. 

Open Loop Behavior 

Figure 25 shows a current feedback amplifier reduced to essen- 
tials. Sources of fixed dc errors such as the inverting node bias 
current and the offset voltage are excluded from this model and 
are discussed later. The most important parameter limiting the 
dc gain is the transresistance, Rt, which is ideally infinite. A 
finite value of Rt is analogous to the finite open loop voltage 
gain in a conventional op amp. 

The current applied to the inverting input node is replicated by 
the current conveyor so as to flow in resistor Rt. The voltage 
developed across Rt is buffered by the unity gain voltage fol- 
lower. Voltage gain is the ratio Rt/ R IN . With typical values of 
Rt=3MO and R IN =50fl, the voltage gain is about 60,000. The 
open loop current gain is another measure of gain and is deter- 
mined by the beta product of the transistors in the voltage fol- 
lower stage (see Figure 28); it is typically 40,000. 



Figure 25. Equivalent Schematic 

The important parameters defining ac behavior are the trans- 
capacitance, Ct, and the external feedback resistor (not shown). 
The time constant formed by these components is analogous to 
the dominant pole of a conventional op amp, and thus cannot be 
reduced below a critical value if the closed loop system is to be 
stable. In practice, Ct is held to as low a value as possible (typi- 
cally 4.5pF) so that the feedback resistor can be maximized 
while maintaining a fast response. The finite R IN also affects the 
closed loop response in some applications as will be shown. 

The open loop ac gain is also best understood in terms of the 
transimpedance rather than as an open loop voltage gain. The 
open loop pole is formed by Rt in parallel with Ct. Since Ct is 
typically 4.5pF, the open loop corner frequency occurs at about 
12kHz. However, this parameter is of little value in determining 
the closed loop response. 

Response as an Inverting Amplifier 
Figure 26 shows the connections for an inverting amplifier. 
Unlike a conventional amplifier the transient response and the 
small signal bandwidth are determined primarily by the value of 
the external feedback resistor, Rl, rather than by the ratio of 
R1/R2 as is customarily the case in an op amp application. This 
is a direct result of the low impedance at the inverting input. As 
with conventional op amps, the closed loop gain is -R1/R2. 


The closed loop transresistance is simply the parallel sum of Rl 
and Rt. Since Rl will generally be in the range 50011 to 2kfl 
and Rt is about 3Mfl the closed loop transresistance will be only 
0.02% to 0.07% lower than Rl. This small error will often be 
less than the resistor tolerance. 

When Rl is fairly large (above 5kfl) but still much less than Rt, 
the closed loop HF response is dominated by the time constant 
RICt. Under such conditions the AD844 is over-damped and 
will provide only a fraction of its bandwidth potential. Because 
of the absence of slew rate limitations under these conditions, 
the circuit will exhibit a simple single pole response even under 
large signal conditions. 

In Figure 26, R3 is used to properly terminate the input if de- 
sired. R3 in parallel with R2 gives the terminated resistance. As 
Rl is lowered, the signal bandwidth increases, but the time con- 
stant RICt becomes comparable to higher order poles in the 
closed loop response. Therefore, the closed loop response be- 
comes complex, and the pulse response shows overshoot. When 
R2 is much larger than the input resistance, R IN , at Pin 2, most 
of the feedback current in Rl is delivered to this input; but as 
R2 becomes comparable to R IN , less of the feedback is absorbed 
at Pin 2, resulting in a more heavily damped response. Conse- 
quently, for low values of R2 it is possible to lower Rl without 
causing instability in the closed loop response. Table I lists com- 
binations of Rl and R2 and the resulting frequency response for 
the circuit of Figure 26. Figure 13 shows the very clean and fast 
±10V pulse response of the AD844. 



Figure 26. Inverting Amplifier 


Gain 

Rl 

R2 

BW (MHz) 

GBW (MHz) 

-1 

iko 

IkO 

35 

35 

-1 

5000 

5000 

60 

60 

-2 

2kO 

IkO 

15 

30 

-2 

IkO 

5000 

30 

60 

-5 

5kO 

IkO 

5.2 

26 

-5 

5000 

1000 

49 

245 

-10 

IkO 

1000 

23 

230 

-10 

5000 

500 

33 

330 

-20 

IkO 

500 

21 

420 

-100 

5kO 

500 

3.2 

320 

+ 100 

5kO 

500 

9 

900 


Table I. 
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Response as an I-V Converter 

The AD844 works well as the active element in an operational 
current to voltage converter, used in conjunction with an exter- 
nal scaling resistor, Rl, in Figure 27. This analysis includes the 
stray capacitance, C s , of the current source, which might be a 
high speed DAC. Using a conventional op amp, this capacitance 
forms a “nuisance pole” with Rl which destabilizes the closed 
loop response of the system. Most op amps are internally com- 
pensated for the fastest response at unity gain, so the pole due 
to Rl and C s reduces the already narrow phase margin of the 
system. For example, if Rl were 2.5kff a C s of 15pF would 
place this pole at a frequency of about 4MHz, well within the 
response range of even a medium speed operational amplifier. In 
a current feedback amp this nuisance pole is no longer deter- 
mined by Rl but by the input resistance, R IN . Since this is 
about 50f! for the AD844, the same 15pF forms a pole 212MHz 
and causes little trouble. It can be shown that the response of 
this system is: 

K Rl 

VouT = -Isig ( 1+sXd ) (1+sXn ) 

where K is a factor very close to unity and represents the finite 
dc gain of the amplifier, Td is the dominant pole and Tn is the 
nuisance pole: 

K - Rt 
Rt+Rl 

Td = KRICt 

Tn == R in C s (assuming R IN << Rl) 

Using typical values of Rl = lkfl and Rt=3Mfl, K is 0.9997; in 
other words, the “gain error” is only 0.03%. This is much less 
than the scaling error of virtually all DACs and can be 
absorbed, if necessary, by the trim needed in a precise system. 

In the AD844, Rt is fairly stable with temperature and supply 
voltages, and consequently the effect of finite “gain” is negligi- 
ble unless high value feedback resistors are used. Since that 
would result in slower response times than are possible, the rela- 
tively low value of Rt in the AD844 will rarely be a significant 
source of error. 



Figure 27. Current to Voltage Converter 


Circuit Description of the AD844 

A simplified schematic is shown in Figure 28. The AD844 dif- 
fers from a conventional op amp in that the signal inputs have 
radically different impedance. The noninverting input (Pin 3) 
presents the usual high impedance. The voltage on this input is 
transferred to the inverting input (Pin 2) with a low offset volt- 
age, ensured by the close matching of like polarity transistors 



Figure 28. Simplified Schematic 


operating under essentially identical bias conditions. Laser trim- 
ming nulls the residual offset voltage, down to a few tens of mi- 
crovolts. The inverting input is the common emitter node of a 
complementary pair of grounded base stages and behaves as a 
current summing node. In an ideal current feedback op amp the 
input resistance would be zero. In the AD844 it is about 5011. 

A current applied to the inverting input is transferred to a com- 
plementary pair of unity-gain current mirrors which deliver the 
same current to an internal node (Pin 5) at which the full output 
voltage is generated. The unity-gain complementary voltage fol- 
lower then buffers this voltage and provides the load driving 
power. This buffer is designed to drive low impedance loads 
such as terminated cables, and can deliver ±50mA into a 50fl 
load while maintaining low distortion, even when operating at 
supply voltages of only ±6V. Current limiting (not shown) en- 
sures safe operation under short circuited conditions. 

It is important to understand that the low input impedance at 
the inverting input is locally generated, and does not depend on 
feedback. This is very different from the “virtual ground” of a 
conventional operational amplifier used in the current summing 
mode which is essentially an open circuit until the loop settles. 

In the AD844, transient current at the input does not cause 
voltage spikes at the summing node while the amplifier is set- 
tling. Furthermore, all of the transient current is delivered to 
the slewing (TZ) node (Pin 5) via a short signal path (the 
grounded base stages and the wideband current mirrors). 

The current available to charge the capacitance (about 4.5 pF) 
at TZ node, is always proportional to the input error current , and 
the slew rate limitations associated with the large signal response 
of op amps do not occur. For this reason, the rise and fall 
times are almost independent of signal level. In practice, the 
input current will eventually cause the mirrors to saturate. 

When using ±15V supplies, this occurs at about 10mA (or 
±2200V/p.s). Since signal currents are rarely this large, classical 
“slew rate” limitations are absent. 

This inherent advantage would be lost if the voltage follower 
used to buffer the output were to have slew rate limitations. The 
AD844 has been designed to avoid this problem, and as a result 
the output buffer exhibits a clean large signal transient response, 
free from anomalous effects arising from internal saturation. 
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Applying the AD844 


Response as a Noninverting Amplifier 

Since current feedback amplifiers are asymmetrical with regard 
to their two inputs, performance will differ markedly in nonin- 
verting and inverting modes. In noninverting modes, the large 
signal high speed behavior of the AD844 deteriorates at low 
gains because the biasing circuitry for the input system (not 
shown in Figure 28) is not designed to provide high input volt- 
age slew rates. 

However, good results can be obtained with some care. The 
noninverting input will not tolerate a large transient input; it 
must be kept below ± IV for best results. Consequently this 
mode is better suited to high gain applications (greater than 
X 10). Figure 20 shows a noninverting amplifier with a gain of 
10 and a bandwidth of 30MHz. The transient response is shown 
in Figures 23 and 24. To increase the bandwidth at higher 
gains, a capacitor can be added across R2 whose value is approx- 
imately the ratio of R1 and R2 times Ct. 



100k 1M 10M 20M 

FREQUENCY - Hz 


4.7ft 



Figure 29. Noninverting Amplifier Gain = 100, Optional 
Offset Trim Is Shown 


Noninverting Gain of 100 

The AD844 provides very clean pulse response at high nonin- 
verting gains. Figure 29 shows a typical configuration providing 
a gain of 100 with high input resistance. The feedback resistor is 
kept as low as practicable to maximize bandwidth, and a peak- 
ing capacitor (C PK ) can optionally be added to further extend 
the bandwidth. Figure 30 shows the small signal response with 
C PK = 3nF, R L = 500ft and supply voltages of either ±5V or 
±15V. Gain bandwidth products of up to 900MHz can be achieved 
in this way. 

The offset voltage of the AD844 is laser trimmed to the 50fiV 
level and exhibits very low drift. In practice, there is an addi- 
tional offset term due to the bias current at the inverting input 
(Ibn) which flows in the feedback resistor (Rl). This can 
optionally be nulled by the trimming potentiometer shown in 
Figure 29. 


Figure 30. AC Response for Gain= 100 , Configuration 
Shown in Figure 29 

USING THE AD844 
Board Layout 

As with all high frequency circuits considerable care must be 
used in the layout of the components surrounding the AD844. A 
ground plane, to which the power supply decoupling capacitors 
are connected by the shortest possible leads, is essential to 
achieving clean pulse response. Even a continuous ground plane 
will exhibit finite voltage drops between points on the plane, 
and this must be kept in mind in selecting the grounding points. 
Generally speaking, decoupling capacitors should be taken to a 
point close to the load (or output connector) since the load cur- 
rents flow in these capacitors at high frequencies. The +In and 
-In circuits (for example, a termination resistor and Pin 3) 
must be taken to a common point on the ground plane close to 
the amplifier package. 

Use low impedance capacitors (AVX SR305C224KAA or equiva- 
lent) of 0.22|xF wherever ac coupling is required. Include either 
ferrite beads and/or a small series resistance (approximately 
4.7ft) in each supply line. 

Input Impedance 

At low frequencies, negative feedback keeps the resistance at the 
inverting input close to zero. As the frequency increases, the 
impedance looking into this input will increase from near zero to 
the open loop input resistance, due to bandwidth limitations, 
making the input seem inductive. If it is desired to keep the 
input impedance flatter, a series RC network can be inserted 
across the input. The resistor is chosen so that the parallel sum 
of it and R2 equals the desired termination resistance. The 
capacitance is set so that the pole determined by this RC net- 
work is about half the bandwidth of the op amp. This network 
is not important if the input resistor is much larger than the ter- 
mination used, or if frequencies are relatively low. In some 
cases, the small peaking that occurs without the network can be 
of use in extending the -3dB bandwidth. 
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Driving Large Capacitive Loads 

Capacitive drive capability is lOOpF without an external net- 
work. With the addition of the network shown in Figure 31, the 
capacitive drive can be extended to over 10,000pF, limited by 
internal power dissipation. With capacitive loads, the output 
speed becomes a function of the overdriven output current limit. 
Since this is roughly ± 100mA, under these conditions, the max- 
imum slew rate into a lOOOpF load is ± 100V/|is. Figure 32 
shows the transient response of an inverting amplifier 
(Rl=R2=lkfl) using the feed forward network shown in Figure 
31, driving a load of lOOOpF. 



Figure 31. Feed Forward Network for Large 
Capacitive Loads 



Figure 32. Driving lOOOpF CL with Feed Forward Network 
of Figure 31 

Settling Time 

Settling time is measured with the circuit of Figure 33. This 
circuit employs a false summing node, clamped by the two 
Schottky diodes, to create the error signal and limit the input 
signal to the oscilloscope. For measuring settling time, the ratio 
of R6/R5 is equal to R1/R2. For unity gain, R6 = R5 = lkfi, and 
R l = 50011. For the gain of - 10, R5 = 5011, R6 = 50011 and R L 
was not used since the summing network loads the output with 
approximately 27511. Using this network in a unity-gain configu- 
ration, settling time is 100ns to 0.1% for a — 5V to +5V step 
with C L = lOpF. 



D1, D2 IN6263 OR EQUIV. SCHOTTKY DIODE 


Figure 33. Settling Time Test Fixture 


DC Error Calculation 

Figure 34 shows a model of the dc error and noise sources for 
the AD844. The inverting input bias current, I BN , flows in the 
feedback resistor. I BP , the noninverting input bias current, flows 
in the resistance at Pin 3 (R P ), and the resulting voltage (plus 
any offset voltage) will appear at the inverting input. The total 
error, V OJ at the output is: 

Rl\ 

m ) +i “* r1 

Since I BN and I BP are unrelated both in sign and magnitude, 
inserting a resistor in series with the noninverting input will not 
necessarily reduce dc error and may actually increase it. 


Vo-(lBP Rp + Vos + ^BN 


Rin) + 


Rl 



Figure 34. Offset Voltage and Noise Model for the AD844 


Noise 

Noise sources can be modeled in a manner similar to the dc bias 
currents, but the noise sources are Inn, Inp, Vn, and the 
amplifier-induced noise at the output, V ON , is: 


; V ( 


V ON = A ((Inp R P /+Vn z ) 



2 

+(Inn Rl) 2 


Overall noise can be reduced by keeping all resistor values to a 
minimum. With typical numbers, Rl=R2=lk, R P =0, 
Vn=2nV/VHz, Inp= lOpA/VHzj Inn= 12pA/VHz, V ON calcu- 
lates to 12nV/VHz. The current noise is dominant in this case, 
as it will be in most low gain applications. 
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Video Cable Driver Using ±5 Volt Supplies 
The AD844 can be used to drive low impedance cables. Using 
±5V supplies, a lOOfl load can be driven to ±2.5V with low 
distortion. Figure 35a shows an illustrative application which 
provides a noninverting gain of 2, allowing the cable to be 
reverse-terminated while delivering an overall gain of + 1 to the 

+5V 



Figure 35a. The AD844 as a Cable Driver 



Figure 35c. Differential Phase for the Circuit of Figure 35a 

High Speed DAC Buffer 

The AD844 performs very well in applications requiring 
current-to- voltage conversion. Figure 36 shows connections for 
use with the AD568 current output DAC. In this application the 
bipolar offset is used so that the full scale current is ±5. 12mA, 
which generates an output of ±5. 12V using the l'kfi application 
resistor on the AD568. Figure 37 shows the full scale transient 
response. Care is needed in power supply decoupling and 



BYPASS CAPACITORS 

Figure 36. High Speed DAC Amplifier 


Applications - AD844 


load. The -3dB bandwidth of this circuit is typically 30MHz. 
Figure 35b shows a differential gain and phase test setup. 

In video applications, differential-phase and differential-gain 
characteristics are often important. Figure 35c shows the varia- 
tion in phase as the load voltage varies. Figure 35d shows the 
gain variation. 



Figure 35b. Differential Gain/Phase Test Setup 



Figure 35d. Differential Gain for the Circuit of Figure 35a 

grounding techniques to achieve the full 12-bit accuracy and 
realize the fast settling capabilities of the system. The unmarked 
capacitors in this figure are 0.1 (xF ceramic (for example, AVX 
Type SR305C104KAA), and the ferrite inductors should be 
about 2.5p.H (for example, Fair-Rite Type 2743002122). The 
AD568 data sheet should be consulted for more complete details 
about its use. 


+ 15V 


-15V 


VoUT 


ANALOG 

SUPPLY 

GROUND 


DIGITAL 

SUPPLY 



50hS 


Figure 37. DAC Amplifier Full-Scale 
Transient Response 
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20MHz Variable Gain Amplifier 

The AD844 is an excellent choice as an output amplifier for the 
AD539 multiplier, in all of its connection modes. (See AD539 
data sheet for full details.) Figure 38 shows a simple multiplier 
providing the output: 


where V x is the “gain control” input, a positive voltage of from 
0 to +3.2V (max) and V Y is the “signal voltage”, nominally 
±2V FS but capable of operation up to ±4.2V. The peak out- 
put in this configuration is thus ±6.7V. Using all four of the 
internal application resistors provided on the AD539 in parallel 
results in a feedback resistance of 1 .5kH, at which value the 
bandwidth of the AD844 is about 22MHz, and is essentially 
independent of V x . The gain at V X =3.16V is +4dB. 


Figure 39 shows the small signal response for a 50dB gain con- 
trol range (V x =+10mV to +3. 16V). At small values of V x , 
capacitive feedthrough on the PC board becomes troublesome, 
and very careful layout techniques are needed to minimize this 
problem. A ground strip between the pins of the AD539 will be 
helpful in this regard. Figure 40 shows the response to a 2V 
pulse on V Y for V X = + 1V, +2V and + 3V. For these results, a 
load resistor of 5000 was used and the supplies were ±9V. The 
multiplier will operate from supplies between ±4.5V and 
±16. 5V. 

Disconnecting Pins 9 and 16 on the AD539 alters the denomina- 
tor in the above expression to IV, and the bandwidth will be 
approximately 10MHz, with a maximum gain of lOdB. Using 
only Pin 9 or Pin 16 results in a denominator of 0.5V, a band- 
width of 5MHz and a maximum gain of 16dB. 



USING A 5011 OR 7511 RESISTOR 
to GROUND. 


Figure 38. 20MHz VGA Using the AD539 
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Figure 39. VGA AC Response 



Figure 40. VGA Transient Response with 
V X =1V, 2V, and 3V 
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Precision 16 MHz 
CBFET Op Amp 


AD845 


FEATURES 

Replaces Hybrid Amplifiers in Many Applications 

AC PERFORMANCE: 

Settles to 0.01% in 350 ns 

100 V/jjls Slew Rate 

12.8 MHz min Unity-Gain Bandwidth 

1.75 MHz Full-Power Bandwidth at 20 V p-p 

DC PERFORMANCE. 

0.25 mV max Input Offset Voltage 

5 pV/°C max Offset Voltage Drift 

0.5 nA Input Bias Current 

250 V/mV min Open-Loop Gain 

4 jjiV p-p max Voltage Noise, 0.1 Hz to 10 Hz 

94 dB min CMRR 

Available in Plastic Mini-DIP, Hermetic Cerdip and SOIC 
Packages 


CONNECTION DIAGRAM 

Plastic Mini-DIP (N) Package 16-Pin SOIC (R) Package 
and Cerdip (Q) Package 



NULL 

+ V 

OUTPUT 

NC 



PRODUCT DESCRIPTION 

The AD845 is a fast, precise, N channel JFET input, mono- 
lithic operational amplifier. It is fabricated using Analog 
Devices’ complementary bipolar (CB) process. Advanced laser- 
wafer trimming technology enables the very low input offset 
voltage and offset voltage drift performance to be realized. This 
precision, when coupled with a slew rate of 100 V/|xs, a stable 
unity-gain bandwidth of 16 MHz, and a settling time of 350 ns 
0.01%— while driving a parallel load of 100 pF and 500 ft— 
represents a combination of features unmatched by any FET 
input IC amplifier. The AD845 can easily be used to upgrade 
many existing designs which use BiFET or FET input hybrid 
amplifiers and, in some cases, those which use bipolar input op 
amps. 

The AD845 is ideal for use in applications such as active filters, 
high speed integrators, photo diode preamps, sample-and-hold 
amplifiers, log amplifiers, and in buffering A/D and D/A con- 
verters. The 250 |xV max input offset voltage makes offset null- 
ing unnecessary in many applications. The common-mode 
rejection ratio of 1 10 dB over a ± 10 V input voltage range rep- 
resents exceptional performance for a JFET input high speed op 
amp. This, together with a minimum open-loop gain of 
250 V/mV ensures that 12-bit performance is achieved, even in 
unity-gain buffer circuits. 


The AD845 conforms to the standard op amp pinout except that 
offset nulling is to V+ . The AD845J and AD845K grade de- 
vices are available specified to operate over the commercial 0 to 
+70°C temperature range. AD845A and AD845B devices are 
specified for operation over the -40°C to +85°C industrial tem- 
perature range. The AD845S is specified to operate over the full 
military temperature range of -55°C to +125°C. Both the in- 
dustrial and military versions are available in 8-pin cerdip pack- 
ages. The commercial version is available in an 8-pin plastic 
mini-DIP and 16-pin SOIC. “J” and “S” grade chips are also 
available. 

PRODUCT HIGHLIGHTS 

1. The high slew rate, fast settling time, and dc precision of the 
AD845 make it ideal for high speed applications requiring 
12-bit accuracy. 

2. The performance of circuits using the LF400, OP-42, OP-44, 
OP-16, OP-17, HA2520/2/5, HA2620/2/5, 3550, OPA605, 
and LH0062 can be upgraded in most cases. 

3. The AD845 is unity-gain stable and internally compensated. 

4. The AD845 is specified while driving 100 pF/500 fl loads. 
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AD845— SPECIFICATIONS (@ +25°C and ±15 V dc, unless otherwise noted) 


Model 

Conditions 

AD845J/A 

Min Typ Max 

AD845K/B 

Min Typ 

Max 

Min 

AD845S 

Typ 

Max 

Units 

INPUT OFFSET VOLTAGE 1 











Initial Offset 



0.7 1.5 


0.1 

0.25 


0.25 

1.0 

mV 


T mi „-T m „ 


2.5 



0.4 



2.0 

mV 

Offset Drift 



20 


1.5 

5.0 



10 

p,V/°C 

INPUT BIAS CURRENT 2 











Initial 

V CM = 0V 


0.75 2 


0.5 

1 


0.75 

2 

nA 


T min -T max 


45/75 



18/38 1 



500 

nA 

INPUT OFFSET CURRENT 











Initial 

V CM = 0 V 


25 300 


15 

100 


25 

300 

pA 


T min -T max 


3/6.5 



1.2/2.6 



20 

nA 

INPUT CHARACTERISTICS 











Input Resistance 



10“ 


10 n 



10 11 


kfl 

Input Capacitance 



4.0 


4.0 



4.0 


pF 

INPUT VOLTAGE RANGE 











Differential 



±20 


±20 



±20 


V 

Common Mode 


±10 

+ 10.5/- 13 

+ 10 

+ 10.5/- 13 


±10 

+ 10.5/- 13 


V 

Common-Mode Rejection 

V C m = ±10 V 

86 

110 

94 

113 


86 

110 


dB 

INPUT VOLTAGE NOISE 

0.1 to 10 Hz 


4 


4 



4 


|xV p-p 


f = 10 Hz 


80 


80 



80 


nV/VHz 


f = 100 Hz 


60 


60 



60 


nV/VHz 


f = 1 kHz 


25 


25 



25 


nV/VHz 


f = 10 kHz 


18 


18 



18 


nV/VHz 


f = 100 kHz 


12 


12 



12 


nV/VHz 

INPUT CURRENT NOISE 

f = 1 kHz 

L 0J . _J 

0.1 

0.1 

pA/VHz 

OPEN-LOOP GAIN 

, V 0 = ±10 V 











^■LOAD— 2 kU 

200 

500 

250 

500 


200 

500 


V/mV 


^■LOAD — 500 LI 

100 

250 

125 

250 


100 

250 


V/mV 


T min -T max 

70 


75 



50 



V/mV 

OUTPUT CHARACTERISTICS 











Voltage 

^LOAD — 500 fl 

±12.5 


±12.5 



±12.5 



V 

Current 

Short Circuit 


50 


50 



50 


mA 

Output Resistance 

Open Loop 


5 


5 



5 


Q 

FREQUENCY RESPONSE 











Small Signal 

Unity Gain 

12.8 

16 

13.6 

16 


13.6 

16 


MHz 

Full Power Bandwidth 3 

V 0 = ±10 V 











^LOAD = 500 n 


1.75 


1.75 



1.75 


MHz 

Rise Time 



20 


20 



20 


ns 

Overshoot 



20 


20 



20 


% 

Slew Rate 


80 

100 

94 

100 


94 

100 


V/jJLS 

Settling Time 

10 V Step 











C LOAD = 100 pF 









ns 


R-load = 500 n 









ns 


to 0.01% 


350 


350 

500 


350 

500 

ns 


to 0.1% 


250 


250 



250 


ns 

DIFFERENTIAL GAIN 

f = 4.4 MHz 

0.04 

0.04 

0.04 

% 

DIFFERENTIAL PHASE 

f = 4.4 MHz 

0.02 

0.02 

0.02 

Degree 

POWER SUPPLY 











Rated Performance 



±15 


±15 



±15 


V 

Operating Range 


±4.75 

±18 

±4.75 


±18 

±4.75 


±18 

V 

Rejection Ratio 

V s = ±5 to ±15 V 

88 

110 

95 

113 


88 

110 


dB 

Quiescent Current 

T min to T max 


10 12 


10 

12 


10 

12 

mA 


NOTES 

x Input offset voltage specifications are guaranteed after 5 minutes of operation at T A = +25°C. 

2 Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at T A = +25°C. 

3 FPBW=slew rate/2-rr V peak. 

4 “S” grade T min -T max are tested with automatic test equipment at T A = -55°C and T A = + 125°C. 

All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test. Results from these tests 
are used to calculate- outgoing quality levels. 

Specifications subject to change without notice. 
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AD845 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±18V 

Internal Power Dissipation 2 

Plastic Mini-DIP 1.6 Watts 

Cerdip 1.4 Watts 

Input Voltage ±V S 

Output Short-Circuit Duration Indefinite 

Differential Input Voltage +V S and -V s 

Storage Temperature Range 

Q — 65°C to +150°C 

N, R -65°C to +125°C 

Lead Temperature Range (Soldering 60 sec) + 300°C 


NOTES 

Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 

2 Mini-DIP package: 0 JA = 100°C/watt; cerdip package: 0 JA = 1 10°C/watt. 


METALIZATION PHOTOGRAPH 

Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 



+ V NULL NULL 


SUBSTRATE CONNECTED TO +V S 


ORDERING GUIDE 


Model 1 

Temperature 

Range 

Package 

Option 2 

AD845JN 

0°C to +70°C 

N-8 

AD845KN 

0°C to +70°C 

N-8 

AD845JR 3 

0°C to +70°C 

R-8 

AD845AQ 

-40°C to +85°C 

Q-8 

AD845BQ 

-40°C to +85°C 

Q-8 

AD845SQ 

-55°C to + 125°C 

Q-8 

AD845SQ/883B 

-55°C to +125°C 

Q-8 


NOTES 

U ‘J” and “S” grade chips are also available. 

2 N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 

3 Available in tape and reel packaging. 
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AD845— Typical Characteristics 



Figure 1. Input Voltage Swing 
vs. Supply Voltage 


Figure 2. Output Voltage Swing 
vs. Supply Voltage 


Figure 3. Output Voltage Swing 
vs. Resistive Load 



Figure 4. Quiescent Current vs. 
Supply Voltage 


Figure 5. Input Bias Current vs. 
Temperature 


Figure 6. Magnitude of Output 
Impedance vs. Frequency 



Figure 7. Input Bias Current vs. 
Common-Mode Voltage 


Figure 8. Short-Circuit Current 
Limit vs. Temperature 


Figure 9. Unity-Gain Bandwidth 
vs. Temperature 
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FREQUENCY - Hz SUPPLY MODULATION FREQUENCY - Hz 


Figure 10. Open-Loop Gain and Figure 1 1. Open-Loop Gain vs. Figure 12. Power Supply Rejection 

Phase Margin vs. Frequency Supply Voltage vs. Frequency 



Figure 13. Common-Mode Rejec- Figure 14. Large Signal Frequency Figure 15. Output Swing and Error 

tion vs. Frequency Response vs. Settling Time 



FREQUENCY - Hz FREQUENCY - Hz 



TEMPERATURE - °C 


Figure 16. Harmonic Distortion Figure 17. Input Noise Voltage Figure 18. Slew Rate vs. Temperature 

vs. Frequency Spectral Density 
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AD845 



Figure 19. Recommended Power Figure 20. AD845 Simplified Figure 21. Offset Null Configuration 

Supply Bypassing Schematic 



Figure 22a. Unity-Gain Follower Figure 22b. Unity-Gain Follower Figure 22c. Unity-Gain Follower 

Large Signal Pulse Response Small Signal Pulse Response 
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Figure 23a. Unity-Gain Inverter Figure 23b. Unity-Gain Inverter Figure 23c. Unity-Gain Inverter 

Large Signal Pulse Response Small Signal Pulse Response 
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MEASURING AD845 SETTLING TIME 

The Figure 24 shows the AD845 settling time performance. 

This measurement was accomplished by driving the amplifier 
in the unity-gain inverting mode with a fast pulse generator. 

The input summing junction was measured using false nulling 
techniques. 

Settling time is defined as: 

The interval of time from the application of an ideal 
step function input until the closed-loop amplifier output 
has entered and remains within a specified error band. 

Components of settling time include: 

1 . Propagation time through the amplifier 

2. Slewing time to approach the final output value 

3. Recovery time from overload associated with the slewing 

4. Linear settling to within a specified error band. 

These individual components can easily be seen in Figure 24. 
Settling time is extremely important in high speed applications 
where the current output of a DAC must be converted to a volt- 
age. When driving a 500 fl load in parallel with a 100 pF capac- 
itor, the AD845 settles to 0.1% in 250 ns and to 0.01% in 
310 ns. 



Figure 24. Settling Characteristics 0 to 10 V Step 
Upper Trace: Output of AD845 Under Test (5 V/Div) 
Lower Trace: Error Voltage (1 m V/Div) 



Applying the AD845 

A HIGH SPEED INSTRUMENTATION AMP 

The three op amp instrumentation amplifier circuit shown in 
Figure 26 can provide a range of gains from unity up to 1000 
and higher. The instrumentation amplifier configuration features 
high common-mode rejection, balanced differential inputs and 
stable, accurately defined gain. Low input bias currents and fast 
settling are achieved with the FET input AD845. 

Most monolithic instrumentation amplifiers do not have the high 
frequency performance of the circuit in Figure 26. The circuit 
bandwidth is 10.9 MHz at a gain of 1 and 8.8 MHz at a gain of 
10; settling time for the entire circuit is 900 ns to 0.01% for a 
10 V step (Gain = 10). 

The capacitors employed in this circuit greatly improve the 
amplifier’s settling time and phase margin. 


+v s 



Figure 26. High Performance, High Speed Instrumen- 
tation Amplifier 


3 OP-AMP IN-AMP 


Gain 

RG 

Small Signal 
Bandwidth 

Settling Time 
to 0.01% 

1 

Open 

10.9 mHz 

500 ns 

2 

2k 

8.8 mHz 

500 ns 

10 

226H 

2.6 mHz 

900 ns 

100 

20H 

290 kHz 

7.5 jxs 


Note: Resistors around the amplifiers’ input pins need to be small enough in 
value so that the RC time constant they form, with stray circuit capacitance, 
does not reduce circuit bandwidth. 

Table I. Performance Summary for the Three Op Amp 
Instrumentation Amplifier Circuit 


Figure 25. Settling Time Test Circuit 
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Applying the AD845 



Figure 27. The Pulse Response of the Three Op Amp 
Instrumentation Amplifier. Gain = 1, Horizontal Scale: 
0.5 ms/Div; Vertical Scale: 5 V/Div 



Figure 28a. Settling Time of the Three Op Amp Instru- 
mentation Amplifier. Horizontal Scale:200 ns/Div; Vertical 
Scale , Positive Pulse Input: 5 V/Div; Output Settling: 

1 m V/Div 



DRIVING THE ANALOG INPUT OF AN A/D 
CONVERTER 

An op amp driving the analog input of an A/D converter, such 
as that shown in Figure 29, must be capable of maintaining a 
constant output voltage under dynamically changing load condi- 
tions. In successive-approximation converters, the input current 
is compared to a series of switched trial currents. The compari- 
son point is diode clamped but may deviate several hundred 
millivolts resulting in high frequency modulation of A/D input 
current. The output impedance of a feedback amplifier is made 
artificially low by the loop gain. At high frequencies, where the 
loop gain is low, the amplifier output impedance can approach 
its open-loop value. Most IC amplifiers exhibit a minimum 
open-loop output impedance of 25 ft due to current limiting 
resistors. A few hundred microamps reflected from the change 
in converter loading can introduce errors in instantaneous input 
voltage. If the A/D conversion speed is not excessive and the 
bandwidth of the amplifier is sufficient, the amplifier’s output 
will return to the nominal value before the converter makes its 
comparison. However, many amplifiers have relatively narrow 
bandwidth yielding slow recovery from output transients. The 
AD845 is ideally suited to drive high resolution A/D converters 
with 5 jjls on longer conversion times since it offers both wide 
bandwidth and high open-loop gain. 



Figure 29. AD845 As ADC Unity Gain Buffer 


Figure 28b. Settling Time of the Three Op Amp Instru- 
mentation Amplifier. Horizontal Scale: 200 ns/Div; Vertical 
Scale , Negative Pulse Input: 5 V/Div; Output Settling: 

1 m V/Div 
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□ ANALOG 
DEVICES 


450 V/fjis, Precision, 
Current-Feedback Op Amp 


AD846 


FEATURES 
AC PERFORMANCE 

Small Signal Bandwidth: 80 MHz (A v = -1) 

Slew Rate: 450 V/jas 

Full Power Bandwidth: 6.8 MHz at 20 V p-p, 

R l = 500 n 

Fast Settling: for 10 V Step: 110 ns to 0.01%, 

80 ns to 0.1% 

Differential Gain: <0.01% @ 4.4 MHz 

Differential Phase: <0.028° @ 4.4 MHz 

Total Harmonic Distortion (THD): 0.0005% @100 kHz 

Open-Loop Transimpedance: 200 MO 

Input Voltage Noise: 2 nV/VHz 

DC PERFORMANCE 

Input Offset Voltage: 75 pV max (B Grade) 

Input Offset Drift: 3.5 pV/°C max (B Grade) 

Quiescent Supply Current: 6.5 mA max 

APPLICATIONS 
High Speed DAC Buffers 
Multiflash ADC Error Amplifiers 
Flash ADC Buffers 
Coaxial Cable Drivers 
High Performance Audio Circuitry 
Available in Plastic Mini-DIP, Hermetic Cerdip, and 
Hermetic Metal Can Packages 
MIL-STD-883B Parts Available 

PRODUCT DESCRIPTION 

The AD846 is a monolithic, very high speed operational ampli- 
fier offering high performance. Although technically classed as 
a current-feedback or transimpedance amplifier, it may be used 
in much the same way as traditional op amps while providing 
significant performance benefits. Employing Analog Devices’ 
junction isolated complementary bipolar (CB) process, the 
AD846 achieves true “12-bit” (0.01%) precision on critical ac 
and dc parameters, a level of performance unmatched by ampli- 
fiers fabricated using either the dielectrically isolated (DI) or 
other bipolar processes. 

The AD846 offers significant advantages over conventional high 
speed operational amplifiers. It maintains a nearly constant 
bandwidth and settling time to 0.01% over a wide range of 
closed-loop gains. This makes the AD846 ideal for amplifying 
the residue in multiple-pass analog- to-digital converters. 


CONNECTION DIAGRAM 


Plastic Mini-DIP (N) Package 
and 

Cerdip (Q) Package 
Top View 



NC 
+ V S 

OUTPUT 

COMPENSATION 


Other advantages include: low input errors and high open-loop 
transresistance (200 M ft) into a 500 fl load, ensuring true 12-bit 
dc accuracy for closed-loop gains from — 1 to gains greater than 
-100. This combination of ac and dc performance makes the 
AD846 an excellent choice for buffering precision high speed 
DACs and flash ADCs. 

The AD 846 is available in three performance grades. The 
AD846A and AD846B are rated over the industrial temperature 
range of -40°C to + 85°C. The AD846S is rated over the full 
military temperature range of -55°C to + 125°C and is available 
processed to MIL-STD-883B, Rev C. 

Extended reliability PLUS screening is available specified over 
the commercial temperature range. PLUS screening includes 
168 hour burn-in as well as other environmental and physical 
tests. The AD846 is available in two types of 8-pin package: 
plastic mini-DIP and hermetic cerdip. “A” and “S” grade chips 
are also available. 

PRODUCT HIGHLIGHTS 

1. The AD846 achieves settling times of 110 ns to 0.01% for 
gains of - 1 to - 10, with a 450 V/jas slew rate, while con- 
suming only 5 mA of supply current. 

2. For closed-loop gains of -1 to -100, the high speed perfor- 
mance of the AD846 is achieved without sacrificing full 
12-bit dc precision. 

3. The AD 846 is well suited to line driver and video buffer 
applications where the properties of low distortion and high 
slew rate are required. 
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AD846— SPECIFICATIONS (@ +25°C and ±15 V dc, unless otherwise noted) 


Model 

Conditions 

Min 

AD846A 

Typ 

Max 

Min 

AD846B 

Typ 

Max 

Min 

AD846S 

Typ 

Max 

Units 

INPUT OFFSET VOLTAGE 1 












Initial 



25 

200 


25 

75 


25 

200 

P-V 

T mi „-T mov 



50 

350 


50 

125 


100 

350 

pV 

vs. Temperature 



0.8 

5 


0.8 

3.5 


1 

5.5 

ixvrc 

vs. Supply (PSRR) 

5 V-18 V 2 











Initial 


110 

125 


120 

125 


110 

125 


dB 

T min -T mav 


110 

120 


116 

120 


94 

116 


dB 

vs. Common Mode (CMRR) 

V CM = ±10V 











Initial 


110 

125 


120 

125 


110 

125 


dB 

L-T« 


110 

120 


116 

120 


94 

116 


dB 

INPUT BIAS CURRENT 3 












-Input Bias Current 












Initial 



150 

450 


100 

250 


150 

450 

nA 

T min -T max 



450 

1200 


400 

750 


1000 

1500 

nA 

vs. Temperature 



6 

20 


6 

17 


9 

20 

nA/°C 

vs. Supply 

5 V-18 V 2 











Initial 



9 

15 


9 

10 


9 

15 

nA/V 

T m; „-T m , v 



11 

20 


11 

15 


11 

25 

nA/V 

vs. Common Mode 

V CM = ±10 V 











Initial 



5 

10 


3 

5 


5 

10 

nA/V 

T min -T max 



5 

15 


3 

7 


5 

20 

nA/V 

+ Input Bias Current 












Initial 



3 

15 


3 

5 


3 

15 

pA 

T min -T max 



4 

20 


4 

7 


5 

20 

pA 

vs. Temperature 



15 

80 


15 

45 


15 

80 

nA/°C 

vs. Supply 

5 V-18 V 2 











Initial 



5 

15 


5 

10 


5 

15 

nA/V 

T m;n -T mQV 



5 

20 


5 

15 


5 

20 

nA/V 

vs. Common Mode 

V CM = ± 10V 











Initial 



5 

15 


3 

10 


5 

15 

nA/V 

T min -T max 



5 

15 


3 

10 


5 

20 

nA/V 

INPUT CHARACTERISTICS 












Input Resistance 












-Input 



50 



50 



50 


n 

+ Input 



10 



10 



10 


kQ 

Input Capacitance 












-Input 



2 



2 



2 


pF 

+ Input 



2 



2 



2 


P F 

INPUT VOLTAGE RANGE 












Common Mode 


±10 



±10 



±10 



V, 

INPUT VOLTAGE NOISE 

F= 1 kHz 


2 



2 



2 


nV/\ Hz 

Input Current Noise 












-Input 

1 kHz 


20 



20 



20 


pA/\ Hz 

+ Input 

1 kHz 


6 



6 



6 


pA/yHz 

OPEN LOOP 












TRANSRESISTANCE 

V OU T= ±10V 












R-LOAD = 500 n 

100 

200 


150 

200 


100 

200 


MG 


T min -T max 

50 



75 



50 



Mfl 

OUTPUT CHARACTERISTICS 












Voltage 

^■LOAD = 500 fl 

±10 



±10 



±10 



V 

Current 

Short Circuit 


65 



65 



65 


mA 

Output Resistance 

Open Loop 


16 



16 



16 


n 

FREQUENCY RESPONSE 












Small Signal Bandwidth 

A v = -1 R f = lk 


80 



80 



80 


MHz 

(~3dB) 

A v = - 10 R f = 875 O 


31 



31 



31 


MHz 


A v = -30 R f = 875 H 


15 



.15 



15 


MHz 

Full Power Bandwidth 4 

Vqut = 20 V p-p 












Ri = 500 a 


6.8 



6.8 



6.8 


MHz 

Rise Time 

Ay = -1 


10 



10 



10 


ns 

Overshoot 

Ay = -1 


20 



20 



20 


% 

Slew Rate 

Ay = -1 


450 



450 



450 


V/ps 

Settling Time 












10 VStep, A v - -1 

to 0.1% 


80 



80 



80 


ns 


to 0.01% 


110 



110 



110 


ns 

TOTAL HARMONIC 












DISTORTION 5 

F = 100 kHz 


0.0005 



0.0005 



0.0005 


% 
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Model 

Conditions 

AD846A 

Min Typ Max 

AD846B 

Min Typ Max 

AD846S 

Min Typ Max 

Units 

DIFFERENTIAL GAIN 

F = 4.4 MHz, R l = 100 O 

0.01 

0.01 

0.01 

% 

DIFFERENTIAL PHASE 

F = 4.4 MHz, R L = 100 O 

0.028 

0.028 

0.028 

Degree 

POWER SUPPLY 






Rated Performance 


±15 

±15 

±15 

V 

Operating Range 


±5 ±18 

±5 ±18 

±5 ±18 

V 

Quiescent Current 

T min -T max 

5 6.5 

5 6.5 

5 7 

mA 

TRANSISTOR COUNT 


72 

72 

72 



NOTES 

‘Input Offset Voltage Specifications are guaranteed after 5 minutes at T A = +25°C. 

2 Test Conditions: +V S = 15 V, -V s = 5 V to 18 V and +V S = 5 V to 18 V, -V s = 15 V. 

3 Bias Current Specifications are guaranteed maximum after 5 minutes at T A = +25°C. 

4 FPBW = Slew Rate/2 it V peak . 

5 Total Harmonic Distortion. 

All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test. 
Results from those tests are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±18V 

Internal Power Dissipation 2 

Plastic Package 1.5W 

Cerdip Package 1.3 W 

Common-Mode Input Voltage, Max Safe |V S | -3 V 

Output Short Circuit Duration Indefinite 

Differential Input Voltage ±1 V 

Continuous Input Current 

Inverting or Noninverting 2.0 mA 

Storage Temperature Range Q -65°C to +150°C 

Storage Temperature Range N -65°C to + 125°C 


ORDERING GUIDE 


Model 1 

Temperature 

Range 

Package 

Option 2 

AD846AN 

-40°C to +85°C 

N-8 

AD846BN 

-40°C to +85°C 

N-8 

AD846AQ 

-40°C to +85°C 

Q-8 

AD846BQ 

-40°C to +85°C 

Q-8 

AD846SQ 

-55°C to +125°C 

Q-8 

AD846SQ/883B 

-55°C to +125°C 

Q-8 


NOTES 

‘“A” and “S” grade chips are also available. 

2 N = Plastic DIP Package; Q = Cerdip Package. For outline information see 
Package Information section. 


Operating Temperature Range 

AD846A/B -40°C to +85°C 

AD846S -55°C to +125°C 

Lead Temperature Range (Soldering 60 sec) +300°C 


NOTES 

‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only; the functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2 Maximum internal power dissipation is specified so that Tj does not exceed 
+ 175°C at an ambient temperature of + 25°C, derate cerdip (Q) package at 
8.7 mW/°C and plastic (N) package at 10 mW/°C. 

Plastic Package: 0 JA = 100°C/Watt, 6 JC = 33°C/W. 

Cerdip Package: 0 JA = 110°C/Watt, 0 JC = 30°C/W. 

METALIZATION PHOTOGRAPH 

Dimensions shown in inches and (mm). 

Consult factory for latest dimensions. 


+ V S 
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AD846— Typical Characteristics 



Figure 1. Input Voltage Swing Figure 2. Output Voltage Swing Figure 3. Quiescent Current 

vs. Supply vs. Supply vs. Supply Voltage 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 10 100 Ik 10k 100k 1M 10M 100M 

TEMPERATURE - °C LOAD RESISTANCE - 11 INPUT FREQUENCY - Hz 


Figure 4. Quiescent Supply Current Figure 5. Output Voltage Swing vs. Figure 6. Large Signal Frequency 

vs. Temperature Resistive Load Response 



Figure 7. Open-Loop Trans- Figure 8. Positive Input Bias Current Figure 9. Negative Input Bias Current 

impedance vs. Supply vs. Common-Mode Voltage vs. Common-Mode Voltage 
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INPUT BIAS CURRENT - NONINVERTING INPUT - fiA 


AD846 



Figure 10. Positive Input Bias Figure 11. Negative Input Bias Figure 12. Power Supply Rejection 

Current vs. Temperature Current vs. Temperature vs. Frequency 



10 100 Ik 10k 100k 1M 10M 100M 10 100 Ik 10k 100k 1M 10M 10 100 Ik 10k 100k 1M 10M 

FREQUENCY - Hz FREQUENCY - Hz FREQUENCY - Hz 


Figure 13. Common-Mode Rejection Figure 14. Input Noise Voltage Figure 15. Inverting Input Noise 

vs. Frequency Spectral Density Current Spectral Density 



60 -40 -20 0 +20 +40 +60 +80 +100+120+140 

TEMPERATURE - °C 

-60 -40 -20 0 +20 +40 +60 +80 +100 +120 + 140 

TEMPERATURE - °C 

0 100 200 300 400 500 

INPUT ERROR SIGNAL - mV 
(AT SUMMING JUNCTION) 

Figure 16. Short Circuit Current 

Limit vs. Temperature 

Figure 1 7. Slew Rate vs. 
Temperature 

Figure 18. Slew Rate vs. Input 

Error Signal 


REV. A 


OPERATIONAL AMPLIFIERS 2-125 







AD846 — Typical Characteristics, Inverting Gain of 1 


Ikil 



♦PLUS 2pF SCOPE 
PROBE CAPACITANCE 




100k 1M 10M 100M 200M 


INPUT FREQUENCY - Hz 


Figure 19a. Inverting Amplifier , 
Gain of 1 


Figure 19b. Large Signal Pulse Figure 20. Normalized Output Ampli- 

Response, Gain of -1 tude vs. Frequency vs. Load 



360 I 1 l_l_U 1 1— i—Li I L-L-Li 

100k 1M 10M 100M 


INPUT FREQUENCY - Hz 



Ik 10k 100k 

FREQUENCY - Hz 



0 20 40 60 80 100 120 140 160 

SETTLING TIME - ns 


Figure 21. Phase Shift vs. Frequency 


Figure 22. Total Harmonic Distortion 
vs. Frequency 


Figure 23. Settling Time 
vs. Step Size 



0 5 10 15 20 

SUPPLY VOLTAGE ± Volts 



10k 100k 1M 10M 100M 

FREQUENCY - Hz 



TEMPERATURE - °C 


Figure 24. 3 dB Bandwidth vs. 
Supply Voltage 


Figure 25. Output Impedance 
vs. Frequency 


Figure 26. 3 dB Bandwidth vs. 
Temperature 
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Typical Characteristics, Inverting Gain of 10 — AD846 


AD846 

< 3 )+ 


R P 

47il 

(OPTIONAL) 


♦PLUS 2pF SCOPE 
PROBE CAPACITANCE 


Figure 27a. Inverting Amplifier, 
Gain of 10 
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Figure 27b. Large Signal Pulse 
Response, Gain of 10 



1M 10M 

INPUT FREQUENCY - Hz 


Figure 28. Normalized Output Ampli 
tude vs. Frequency vs. Load 



SUPPLY VOLTAGE - ± Volts 




WA 


10k 100k 1M 10M 

FREQUENCY - Hz 


100M -60 - 40 - 20 0 + 20 + 40 


Figure 32. 3 dB Bandwidth vs. 
Supply Voltage 


Figure 33. Output Impedance 
vs. Frequency 


Figure 34. 3 dB Bandwidth vs. 
Temperature 
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Applying the AD846 

POWER SUPPLY CONSIDERATIONS 

The power supply connections to the AD846 must maintain a 
low impedance to ground over a bandwidth of 40 MHz or more. 
This is especially important when driving a significant resistive 
or capacitive load, since all current delivered to the load comes 
from the power supplies. Multiple high quality bypass capacitors 
are recommended for each power supply line in any critical ap- 
plication. A 0.1 |xF ceramic and a 2.2 |xF electrolytic capacitor 
as shown in Figure 35 placed as close as possible to the ampli- 
fier (with short lead lengths to power supply common) will as- 
sure adequate high frequency bypassing, in most applications. A 
minimum bypass capacitance of 0.1 |xF should be used for any 
application. 



Figure 35. Recommended Power Supply Bypassing 

THEORY OF OPERATION 

The AD846 differs from conventional operational amplifiers in 
that it is a transimpedance device rather than a conventional 
voltage amplifier. Figure 36 is a simplified schematic of the 
AD846. The input stage consists of a pair of transistors, Q1 and 
Q2, which are biased by two diode-connected transistors, Q3 
and Q4. Transistors Q1 and Q2 have their emitters connected 
together, and this common point functions as the inverting in- 
put of the amplifier. Correspondingly, the common connection 
of the two biasing diodes acts as the noninverting input. 



When operated as a closed-loop amplifier, feedback error cur- 
rent, I IN , flows into the inverting input terminal and is con- 
veyed via current mirrors (transistors Q5, Q6, Q7, and Q8) to 
the compensation capacitor, C COMP . The voltage developed 
across C COMP is buffered by the output stage, consisting of 
transistors Q9-Q12. 


+v s 



Figure 37. Overload Recovery Test Circuit 



Figure 38. Overload Recovery Time Photo 

Because the input error signal developed is in the form of a cur- 
rent, not a voltage, the AD846 differs from conventional opera- 
tional amplifiers. This also means that, unlike most operational 
amplifiers which rely on negative feedback to produce a “virtual 
ground” at the inverting input terminal, this terminal explicitly 
has a low impedance. 

A unique circuit approach allows the AD846 to realize an open- 
loop transimpedance of close to 200 MH. This is nearly three 
orders of magnitude greater than that of any other operational 
transimpedance amplifier and results in extremely high levels of 
dc precision. 

As an example, the output voltage gain error is approximately 
equal to the value of the feedback resistor divided by the value 
of the open-loop transimpedance of the amplifier. That is, when 
using a 1 kfl feedback resistor, this error is one part in 200,000. 
For a transimpedance amplifier with 1 Mfl transimpedance, this 
error is only one part in 1000; such an amplifier would barely be 
able to achieve 10-bit precision. 

Figure 39 is a simplified three-terminal model for the AD846. 
Figure 40 is a simplified three-terminal model for a conventional 
voltage op amp. The action of current feedback serves to modify 
the behavior of the amplifier under closed-loop conditions. The 
feedback resistor, R F , is somewhat analogous to the input 
stage transconductance of a conventional voltage amplifier; and 
therefore, if the value of R F is held constant, the closed-loop 
bandwidth also remains virtually constant, independent of 
closed-loop voltage gain. 
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Figure 39. AD846 Three-Terminal Model 


♦r t + j 

Qv s V 1N £ 
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Figure 40. Op Amp Three-Terminal Model 

A more detailed examination of the closed-loop transfer function 
of the AD846 results in the following equation: 


Closed-Loop Gain G(s) = 


Compare this to the equation for a conventional op amp: 


/ _ r / 


( 1 + (-'COMP Bp + ( 

1 + r^) R in \ s ) 


A simple equation can, therefore, be used to determine the 
bandwidth of an amplifier employing the AD846 in the invert- 
ing configuration. 


3 dB Bandwidth = 


Rf + 0.05 (1 + G ) 


where: The 3 dB bandwidth is in MHz 

G is the closed-loop inverting gain of the AD846 
R F is the feedback resistance in kQ. 

NOTE: This equation applies only for values of R F between 
10 kfl and 100 kO, and for R LO ad greater than 500 H. For 
R F = 1 kfl the bandwidth should be estimated from Figure 41. 

Figure 41 illustrates the closed-loop voltage gain vs. frequency 
of the AD846 for various values of feedback resistor. For com- 
parison purposes, the characteristic of a conventional amplifier 
having an 80 MHz unity gain bandwidth is also shown. 


VOLTAGE 

FEEDBACK 

" AMPLIFIER 



1M 10M 

3dB BANDWIDTH - Hz 


Figure 41. Closed-Loop Voltage Gain vs. Bandwidth for 
Various Values of R F 


/ . CcOMP ( 

1 ^ F \ \ 

1+ ^ 

l + R~s) s ) 


Closed-Loop Gain G(s ) 


where: C COM p is the internal compensation capacitor of the am- 
plifier; g M is the input stage transconductance of the 
amplifier. 

In the case of the voltage amplifier, the closed-loop bandwidth 
decreases directly with increasing values of (1 + R F /R S ), the 
closed-loop gain. However, for the transimpedance amplifier, 
the situation is different. At low gains, where (1 + R F /R S ) R IN 
is small compared to R F , the closed-loop bandwidth is con- 
trolled by the internal compensation capacitance of 7 pF and the 
value of R f , and not by the closed-loop gain. At higher gains, 
where (1 + R F /R S ) Rin is much larger than R F , the behavior is 
that of a conventional operational amplifier in which the input 
stage transconductance is equal to the inverting terminal input 
impedance of the transimpedance amplifier (R IN = 50 H). 


For the case where R F = 1 kfl and R s = 100 fl (closed-loop 
gain of -10), the closed-loop bandwidth is approximately 
28 MHz. It should also be noted that the use of a capacitor to 
shunt R f , a normal practice for stabilizing conventional op 
amps, will cause this amplifier to become unstable because the 
closed-loop bandwidth will increase beyond the stable operating 
frequency. 

A similar approach can be taken to calculate the noise perfor- 
mance of the amplifier. A simplified noise model is shown in 
Figure 42. 

The equivalent mean-square output noise voltage spectral 
density will equal: 


Von 2 - {Rf Inn) 2 + 
( Rp 

+ 4 kTRpt-ff + 1 


1 + 7r) 2 [V " 2 + I R P I NP ) 2 + 4kTRp] 
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Applying the AD846 

Where: 

R P is the external resistance placed in series with the 

noninverting input 

R F is the feedback resistor 

R s is the source resistor 

I NN is the noise current in the inverting input 

I NP is the noise current in the noninverting input 

V N is the input noise voltage. 

Typical values for these parameters (@ 1 kHz) in pA/VHz are: 
Inn == 20, I PN = 6, V N = 2. 

Or, referring to the signal input, the equivalent mean-square 
input voltage noise is: 

Vin 2 = (Rf fjvjv) 2 + ^1 + pr\ W N 2 + (Rp I NP ) 2 + 4 kT 

+ 4*r^(i + g) 

Resistor R P is required for both inverting and noninverting (fol- 
lower) operation, to insure stable operation. The amplifier’s 
noninverting input current (flowing through R P of 100 O) will 
typically add less than 300 |xV to the AD846’s input offset volt- 
age. This can be trimmed-out using the optional network shown 
in Figure 44. The following table gives recommended values 
for R P . 


Supply Voltage 

Gain (R F /R S ) 

Recommended 
Value for R P 

6 V to 15 V 

1-10 

ioo a 

6 V to 15 V 

10-20 

47 a 

6 V to 15 V 

20-200 

oa 

5 V 

1-10 

47 a 

5 V 

10-200 

oa 





NONINVERTING GAIN OPERATION 

The AD846 can be used as a noninverting amplifier or voltage 
follower, operating at gains between 1 and 200. A minimum 
value of R F equal to 1 kfl should be employed. For low gains (1 
to 2), the input signal should be applied to the AD846’s nonin- 
verting input through a 100 Cl series resistor; this will help re- 
duce peaking. The best transient response will occur when the 
amplifier’s output level is below 5 V peak to peak. 

At closed-loop gains of 3 or more, the input resistor is not re- 
quired unless peak signals greater than 3 V will be applied. The 
amplifier’s bandwidth can be determined by using the inverting 
amplifier’s bandwidth equation or from Figure 41. For example, 
at a gain of + 10 (R F = 1 kfl, R s = 100 fl) the bandwidth of 
the AD846 will be approximately 33 MHz; at a gain of + 100, 


(R f = 1 kfl, R s = 10 fl) it will be 4 MHz. At gains of 3 or 
greater, a small capacitor (2 pF-5 pF) connected across the 
feedback resistor will help reduce overshoot; but when operating 
at noninverting gains below 3, this same capacitance will cause 
instability. 


+ V S 



Figure 43. AD846 Noninverting Amplifier Configuration 

USING THE COMPENSATION PIN OF THE AD846 

Additional compensation may be provided for the AD846 by 
applying an external capacitance between Pin 5 and analog 
ground (Figure 44). The nominal value of the AD846’s internal 
compensation capacitor is 7 pF. For a given value of feedback 
resistance (R F ), any added external capacitance reduces the am- 
plifier’s slew rate and bandwidth proportionally. 


+v s 



Figure 44. AD846 Inverting Amplifier Showing External 
Compensation Connection, R P and Optional Vos Trim 


In addition to providing for external compensation, Pin 5 may 
be used to clamp the output of the amplifier, as shown in Fig- 
ure 45. The output can be clamped anywhere within the output 
range (approximately ± 10 V) of the amplifier. The input should 
also be clamped as a precaution against damaging the amplifier’s 
input transistors. 


Rf 



Figure 45. AD846 Used as a Clamped Amplifier 
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This compensation node may also be used as an additional out- 
put terminal as in the precision transconductance amplifier ap- 
plication of Figure 46. 



Figure 46. A Precision Transconductance Amplifier 


The AD846 can be used in either the inverting transconductance 
mode as shown in Figure 46, or in a noninverting mode with R s 
grounded and V IN applied to the noninverting terminal. The 
current output is essentially constant over a compliance range of 
± 10 V at the compensation node. The output current (from Pin 
5) is limited to about ±1 mA due to internal saturation. Under 
these circumstances the normal output pin provides a buffered 
version of the compensation node output voltage. Output load 
impedance of 500 fl or greater will not affect the accuracy of the 
transconductance conversion. 


THE AD846 AS AN OPEN-LOOP LEVEL SHIFTER 

The AD846 can also be used for open-loop level shifting. As 
shown in Figure 48, resistor R s is used to develop an input cur- 
rent which is proportional to the input voltage, V IN . This cur- 
rent flows from the compensation node (Pin 5) developing a 
voltage across resistor Rc (Rc is equal in value to resistor R s ) 
which, rather than being grounded, has one end tied to refer- 
ence voltage V2. The voltage appearing at Pin 5 is, therefore, 
voltage Vj N plus voltage V2 and will directly follow changes in 
V IN . By scaling resistor R c , a level shift with voltage gain can 
be produced. 

In addition, the normal voltage output at Pin 6 is approximately 
equal to the voltage at Pin 5 thus providing a low impedance, 
buffered output for the level shifter. 


+ v s 



THE AD846 IN A 2 MHz, 12-BIT SUBRANGING A/D 
CONVERTER CIRCUIT 

The combination of fast settling times at high gains and low dc 
errors make the AD846 ideal for use as an error amplifier in 
high speed, 12 -bit subranging A-D applications. In the circuit of 
Figure 47, an AD842 serves as an input amplifier. First pass 
conversion is accomplished, in a straightforward manner, deter- 
mining the top 7 bits. The latch then holds these top 7 bits 
which are applied to a 7 bit, 12-bit accurate DAC and also to 
the highest 7 bits of the adder (note that a sample-and-hold 
should be used ahead of this converter to minimize errors due to 
its 500 ns acquisition time). In the second pass, the input 
switches SI and S2 and S3 are set to state 2. The DAC output is 
then subtracted from the input signal and the resulting differ- 
ence is then amplified by an AD846 gain of 32 follower. This 
gain, together with a l/64th scale offset, insures a unipolar resi- 
due which can be converted by the flash A-D. Conversion is 
accomplished via switches SI, S2 and S3 in state 1. Switch SI 
connects the input signal of the AD846 residue amplifier to 
ground which minimized overload recovery time. 



Figure 47. Block Diagram of a 2 MHz ; 12-Bit Subranging 
A/D Converter 


Figure 48. AD846 Connected as a Level Shift Amplifier 

THE AD846 AS A HIGH SPEED DAC BUFFER 

The AD846 will enable the AD568 12-bit DAC to develop a 
10 V output step which settles to within 0.025 percent of its 
final value in about 100 ns. This AD846/AD568 combination is 
shown in the circuit of Figure 49. Correct power supply decou- 
pling is essential: a 2.2 jxF tantalum capacitor connected in par- 
allel with a 0.1 jjlF to 0.01 |xF ceramic disc capacitor is usually 
sufficient. These should be placed as close to the power supply 
pins as possible. Also, a ground plane should be employed; this 
ensure that there is a low impedance signal path to ground 
which allows the fastest possible output settling. In 12 -bit sys- 
tems with the AD846 operating at gains of 10 or less, inade- 
quate supply decoupling can cause the output settling to degrade 
from 100 ns to as much as 300 ns, with a 10 V output step 
applied. 


+ 15V - 15V 



Figure 49. The AD846 Serving as a DAC Buffer 
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ANALOG 

DEVICES 


High Speed, Low Power 
Monolithic Op Amp 


AD847 


FEATURES 

50 MHz Unity Gain Bandwidth 
4.8 mA Supply Current 
300 V/ps Slew Rate 

65 ns Settling Time to 0.1% for a 10 V Step 

0.04% Differential Gain 
0.19° Differential Phase 
Drives Capacitive Loads 

DC Performance 

5.5 V/mV Open-Loop Gain into a 1 kft Load 
1 mV max Input Offset Voltage 


CONNECTION DIAGRAM 



NULL 

+ V S 

OUTPUT 

NC 


Performance Specified for ±5 V and ±15 V 
Operation 

Available in Plastic, Hermetic Cerdip and 
Small Outline Packages; Chips and 
MIL-STD-883B Processing Available 
Available in Tape and Reel in Accordance with 
EIA-481A Standard 
Dual Version Available: AD827 

APPLICATIONS 
Unity Gain Buffer 
Cable Drivers 

8- and 10-Bit Data Acquisition Systems 
Video and RF Amplification 
Signal Generators 

PRODUCT DESCRIPTION 

The AD847 is a high speed, low power monolithic operational 
amplifier. The AD847 achieves its combination of fast ac and 
good dc performance by utilizing Analog Devices’ junction iso- 
lated complementary bipolar (CB) process. This process enables 
the AD847 to achieve its high speed while only requiring 
4.8 mA of current from the power supplies. 

The AD847 is a member of Analog Devices’ family of high 
speed op amps. This family includes, among others, the AD848, 
which is stable at a gain of five or greater, and the AD849, 
which offers 725 MHz of gain bandwidth at gains of 25 or 
greater. For more demanding applications, the AD840, AD841 
and AD842 offer even greater precision and greater output cur- 
rent drive. 


Plastic DIP (N), Small 
Outline (R) and 
Cerdip (Q) Packages 

APPLICATION HIGHLIGHTS 

1 . The high slew rate and fast settling time of the AD847 make 
it ideal for all types of video instrumentation circuitry, fast 
DAC and flash ADC buffers, and line drivers. 

2. As a buffer, the AD847 offers a full-power bandwidth of 
30 MHz (for 2 V p-p with V s = ±5 V) making it outstand- 
ing as an input buffer for flash A/D converters. 

3. In order to meet the needs of both video and data acquisition 
applications, the AD847 is optimized and tested for ±5 V 
and ±15 V power supply operation. 

4. The low power and small outline packaging of the AD847 
make it very well suited for high density applications such as 
multiple pole active filters. 

5. The AD847 is internally compensated for unity gain opera- 
tion and remains stable when driving any capacitive load. 

6. Laser wafer trimming reduces the input offset voltage to less 
than 1 mV maximum on all AD847 grades, thus eliminating 
the need for external offset nulling in many applications. 

7. The AD847 is an enhanced replacement for the LM6161 
series and can function as a pin for pin replacement for many 
high speed amplifiers such as the HA2544, HA2520/2/5 and 
the EL2020. 


The AD847 also has good dc performance. When operating with 
±5 V supplies, it offers an open loop gain of 3,500 V/V (with a 
500 fl load) and low input offset voltage of 1 mV maximum. 
Common-mode rejection is a minimum of 80 dB. Output voltage 
swing is ±3 V even into loads as low as 150 fl. 
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AD847 -SPECIFICATIONS (@ T a = +25°C, unless otherwise noted) 


Model 

Conditions 

V s 

AD847J 

Min Typ Max 

AD847AR 

Min Typ Max 

Units 

INPUT OFFSET VOLTAGE 1 


±5 V 

0.5 1 

0.5 1 

mV 


Tmin to T max 


3.5 

4 

mV 

Offset Drift 



15 

15 

jxV/°C 

INPUT BIAS CURRENT 


±5 V, ±15 V 

3.3 6.6 

3.3 6.6 

|aA 


Tmin t0 Tmax 


7.2 

10 

|aA 

INPUT OFFSET CURRENT 


±5 V, ±15 V 

50 300 

50 300 

nA 


Tmin t0 Tmax 


400 

500 

nA 

Offset Current Drift 



0.3 

0.3 

nA/°C 

OPEN-LOOP GAIN 

V 0 = ±2.5 V 

±5 V 





^LOAD = 500 n 


2 3.5 

2 3.5 

V/mV 


Tmin to Tmax 


1 

1 

V/mV 


^■LOAD = 150 O 


1.6 

1.6 

V/mV 


Vout = ±10 V 

±15 V 





l^LOAD = 1 kO 


3 5.5 

3 5.5 

V/mV 


Tmin to Tmax 


1.5 

1.5 

V/mV 

DYNAMIC PERFORMANCE 






Unity Gain Bandwidth 


±5 V 

35 

35 

MHz 



±15 V 

50 

50 

MHz 

Full Power Bandwidth 2 

V 0 = 5 V p-p 






Rl — 500 O) 

±5 V 

12.7 

12.7 

MHz 


V 0 = 20 V p-p, 






r l = i kn 

±15 V 

4.7 

4.7 

MHz 

Slew Rate 3 

R-load = ikn 

±5 V 

200 

200 

V/|AS 



±15 V 

225 300 

225 300 

V/|xs 

Settling Time to 0.1% 

-2.5 V to +2.5 V 

±5 V 

65 

65 

ns 


10 V Step, A v = -1 

±15 V 

65 

65 

ns 

to 0.01% 

-2.5 V to +2.5 V 

±5 V 

140 

140 

ns 


10 V Step, A v — -1 

±15 V 

120 

120 

ns 

Phase Margin 

Cload = 10 pF 

±15 V 





R-load = 1 kQ 


50 

50 

Degree 

Differential Gain 

f *** 4.4 MHz 

±15 V 

0.04 

0.04 

% 

Differential Phase 

f - 4.4 MHz 

±15 V 

0.19 

0.19 

Degree 

COMMON-MODE REJECTION 

Vcm = ±2.5 V 

±5 V 

78 95 

78 95 

dB 


Vcm= ±12 V 

±15 V 

78 95 

78 95 

dB 


Rn* = 100 fl (See Figure 20) 






Tmin to Tmax 


75 

75 

dB 

POWER SUPPLY REJECTION 

V s = ±5 V to ±15 V 


75 86 

75 86 

dB 


Tmin to Tmax 


72 

72 

dB 

INPUT VOLTAGE NOISE 

f = 10 kHz 

±15 V 

15 

15 

nV/\/Hz 

INPUT CURRENT NOISE 

f = 10 kHz 

±15 V 

1.5 

1.5 

pA/\/Hz 

INPUT COMMON-MODE 






VOLTAGE RANGE 


±5 V 

+4.3 

+4.3 

V 




-3.4 

-3.4 

V 



±15 V 

+ 14.3 

+ 14.3 

V 




-13.4 

-13.4 

V 

OUTPUT VOLTAGE SWING 

Rload = 500 0 

±5 V 

3.0 3.6 

3.0 3.6 

±V 


l^LOAD = 150 n 

±5 V 

2.5 3 

2.5 3 

±v 


RELOAD = i kn 

±15 V 

12 

12 

±v 


^■LOAD = 500 fl 

±15 V 

10 

10 

±v 

Short-Circuit Current 


±15 V 

32 

32 

mA 

INPUT RESISTANCE 



300 

300 

kft 

INPUT CAPACITANCE 



1.5* 

1.5 

pF 

OUTPUT RESISTANCE 

Open Loop 


15 

15 

ft 

POWER SUPPLY 






Operating Range 



± 4.5 ±18 

±4.5 ±18 

V 

Quiescent Current 


±5 V 

4.8 6.0 

4.8 6.0 

mA 


Tmin to Tmax 


7.3 

7.3 

mA 



±15 V 

5.3 6.3 

5.3 6.3 

mA 


Tmin to Tmax 


7.6 

7.6 

mA 


NOTES 

1 Input Offset Voltage Specifications are guaranteed after 5 minutes at T A = +25°C. 

2 Full Power Bandwidth = Slew Rate/2ir V PEAK . 

3 Slew Rate is measured on rising edge. 

All min and max specifications are guaranteed. Specifications in boldface are 100% tested at final electrical test. 
Specifications subject to change without notice. 
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Model 

Conditions 

V s 

AD847AQ 

Min Typ Max 

AD847S 

Min Typ Max 

Units 

INPUT OFFSET VOLTAGE 1 


±5 V 

0.5 1 

0.5 1 

mV 


Tmin t0 Tmax 


4 

4 

mV 

Offset Drift 



15 

15 

|iV/°C 

INPUT BIAS CURRENT 


±5 V, ±15 V 

3.3 5 

3.3 5 

M-A 


Tmin 10 T max 


7.5 

7.5 

,xA 

INPUT OFFSET CURRENT 


±5 V, ±15 V 

50 300 

50 300 

nA 


T„ in to T max 


400 

400 

nA 

Offset Current Drift 



0.3 

0.3 

nA/°C 

OPEN LOOP GAIN 

V 0 = ±2.5 V 

±5 V 





^LOAD = 500 fl 


2 3.5 

2 3.5 

V/mV 


Tmin t0 T M ax 


1 

1 

V/mV 


R-load — 150 fl 


1.6 

1.6 

V/mV 


V OUT = ±10V 

±15 V 





Rload = 1 kfl 


3 5.5 

3 5.5 

V/mV 


Tmin t0 T M ax 


1.5 

1.5 

V/mV 

DYNAMIC PERFORMANCE 






Unity Gain Bandwidth 


±5 V 

35 

35 

MHz 



±15 V 

50 

50 

MHz 

Full Power Bandwidth 2 

Vo = 5Vj>-p 






r l = 500 n, 

±5 V 

12.7 

12.7 

MHz 


Vo = 20 V p-p, 






R L = 1 kfl 

±15 V 

4.7 

4.7 

MHz 

Slew Rate 3 

K-load = Ikfl 

±5 V 

200 

200 

V/jxs 



±15 V 

225 300 

225 300 

V/fJLS 

Settling Time to 0.1% 

-2.5 V to +2.5 V 

±5 V 

65 

65 

ns 


10 V Step, A v = -1 

±15 V 

65 

65 

ns 

to 0.01% 

-2.5 V to +2.5 V 

±5 V 

140 

140 

ns 


10 V Step, A v = -1 

±15 V 

120 

120 

ns 

Phase Margin 

Cload = P* 7 

±15 V 





^LOAD = 1 kfl 


50 

50 

Degree 

Differential Gain 

f - 4.4 MHz 

±15 V 

0.04 

0.04 

% 

Differential Phase 

f - 4.4 MHz 

±15 V 

0.19 

0.19 

Degree 

COMMON-MODE REJECTION 

V CM = ±2.5 V 

±5 V 

80 95 

80 95 

dB 


Vcm= ±12 v 

±15 V 

80 95 

80 95 

dB 


R| N = 100 fl (See Figure 20) 






Tmin t0 Tmax 


75 

75 

dB 

POWER SUPPLY REJECTION 

V s = ±5 Vto ±15 V 


75 86 

75 86 

dB 


Tmin t0 T M ax 


72 

72 

dB 

INPUT VOLTAGE NOISE 

f = 10 kHz 

±15 V 

15 

15 

nV/\/Hz 

INPUT CURRENT NOISE 

f= 10 kHz 

±15 V 

1.5 

1.5 

pA/-\/Hz 

INPUT COMMON-MODE 






VOLTAGE RANGE 


±5 V 

+4.3 

+4.3 

V 




-3.4 

-3.4 

V 



±15 V 

+ 14.3 

+ 14.3 

V 




-13.4 

-13.4 

V 

OUTPUT VOLTAGE SWING 

Rload = 500 fl 

±5 V 

3.0 3.6 

3.0 3.6 

±V 


Rload ~ 150 fl 

±5 V 

2.5 3 

2.5 3 

±v 


^LOAD = 1 kfl 

±15 V 

12 

12 

±v 


Rload = 500 fl 

±15 V 

10 

10 

±v 

Short-Circuit Current 


±15 V 

32 

32 

mA 

INPUT RESISTANCE 



300 

300 

kfl 

INPUT CAPACITANCE 



1.5 

1.5 

pF 

OUTPUT RESISTANCE 

Open Loop 


15 

15 

fl 

POWER SUPPLY 






Operating Range 



± 4.5 ±18 

±4.5 ±18 

V 

Quiescent Current 


±5 V 

4.8 5.7 

4.8 5.7 

mA 


T M in to T M ax 


7.0 

7.8 

mA 



±15 V 

5.3 6.3 

5.3 6.3 

mA 


T M in t0 T M ax 


7.6 

8.4 

mA 
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AD847 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±18 V 

Internal Power Dissipation 2 

Plastic (N) 1.2 Watts 

Small Outline (R) 0.8 Watts 

Cerdip (Q) 1.1 Watts 

Input Voltage ±V S 

Differential Input Voltage ±6V 

Storage Temperature Range Q -65°C to +150°C 

N, R -65°C to + 125°C 

Junction Temperature 175°C 

Lead Temperature Range (Soldering 60 sec) 300°C 

NOTES 


'Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2 Mini-DIP Package: e JA = 100°C/Watt; 0 JC = 33°C/Watt 
Cerdip Package: 0 JA = 1 10°C/Watt; 0 JC = 30°C/Watt 
Small Outline Package: 0 JA = 155°C/Watt; 0 JC = 33°C/Watt 


CONNECTION DIAGRAM 

Plastic DIP (N), Small 
Outline (R) and 
Cerdip (Q) Packages 



NULL 

+v s 

OUTPUT 

NC 


METALIZATION PHOTOGRAPH 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 

0.064 


(1.63) 

NULL 

8 



ORDERING GUIDE 


Model 1 

Gain 

Bandwidth 

MHz 

Minimum 

Stable 

Gain 

Maximum 
Offset Voltage 
mV 

Temperature 

Range - °C 

Package 

Description 

Package 

Option 2 

AD847JN 

50 

1 

1 

0 to +70 

Plastic 

N-8 

AD847JR 

50 

1 

1 

0 to +70 

SOIC 

R-8 

AD847AQ 

50 

1 

1 

-40 to +85 

Cerdip 

Q-8 

AD847AR 3 

50 

1 

1 

-40 to +85 

SOIC 

R-8 

AD847SQ 

50 

1 

1 

-55 to +125 

Cerdip 

Q-8 

AD847SQ/883B 

50 

1 

1 

-55 to +125 

Cerdip 

Q-8 

AD848J/A/S 

175 

5 

1 

See AD848 Data Sheet 



AD849J/A/S 

725 

25 

1 

See AD849 Data Sheet 




NOTES 

'AD847 also available in J and S grade chips, and AD847JR is available in tape and reel. 

2 N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see Package Information section. 
3 Contact sales office for detailed information. 
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OUTPUT VOLTAGE SWING - Volts p-p 


AD847 


Typical Characteristics (@ +25°C and V s = ±25°C and V s = ±15 V, unless otherwise noted) 



SUPPLY VOLTAGE - ± Volts SUPPLY VOLTAGE - ± Volts 

Figure 1. Input Common-Mode Figure 2. Output Voltage Swing 

Range vs. Supply Voltage vs. Supply Voltage 



Figure 3. Output Voltage Swing Figure 4. Quiescent Current 

vs. Load Resistance vs. Supply Voltage 



Figure 5. Input Bias Current Figure 6. Output Impedance 

vs. Temperature vs. Frequency 
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AD847 — Typical Characteristics (@ +25°C and V s = ±25°C and V s = ±15 V, unless otherwise noted) 



TEMPERATURE - °C 


Figure 7. Quiescent Current vs. Temperature 



TEMPERATURE - °C 


Figure 9. Gain Bandwidth Product 
vs. Temperature 



LOAD RESISTANCE - 11 

Figure 1 1. Open-Loop Gain vs. Load Resistance 



Figure 8. Short-Circuit Current 
Limit vs. Temperature 



FREQUENCY -Hz 

Figure 10. Open-Loop Gain and 
Phase Margin vs. Frequency 


p 

m 

■ 

HR 






SB 

■ 

■ 



K 

SB 

■ 

0 

Ik 11 

■1 

■ 


Si 


Figure 12. Power Supply Rejection vs. Frequency 
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PHASE MARGIN - Degrees 





AD847 


j 



FREQUENCY -Hz 



Figure 13. Common Mode Rejection vs. Frequency 


Figure 14. Large Signal Frequency Response 



SETTLING TIME - ns 

Figure 15. Output Swing and Error vs. Settling Time 



Figure 16. Harmonic Distortion vs. Frequency 




Figure 17. Input Voltage Noise Spectral Density Figure 18. Slew Rate vs. Temperature 
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AD847 


Ikft 




Figure 19a. Inverter Large 
Signal Pulse Response 



Figure 19b. Inverter Small 
Signal Pulse Response 



Figure 20. Noninverting Amplifier 
Configuration 
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AD847 


+v s 



Figure 21. Offset Nulling 

OFFSET NULLING 

The input offset voltage of the AD847 is very low for a high 
speed op amp, but if additional nulling is required, the circuit 
shown in Figure 21 can be used. 

INPUT CONSIDERATIONS 

An input resistor (R IN in Figure 20) is required in circuits 
where the input to the AD847 will be subjected to transient or 
continuous overload voltages exceeding the ±6 V maximum dif- 
ferential limit. This resistor provides protection for the input 
transistors by limiting the maximum current that can be forced 
into their bases. 

For high performance circuits it is recommended that a resistor 
(R b in Figures 19 and 20) be used to reduce bias current errors 
by matching the impedance at each input. The offset voltage 
error caused by the offset current is more than an order of mag- 
nitude less. 

THEORY OF OPERATION 

The AD847 is fabricated on Analog Devices’ proprietary com- 
plementary bipolar (CB) process which enables the construction 
of pnp and npn transistors with similar f x s in the 600 MHz to 
800 MHz region. The AD847 circuit (Figure 22) includes an 
npn input stage followed by fast pnps in the folded cascade 
intermediate gain stage. The CB pnps are also used in the cur- 
rent amplifying output stage. The internal compensation capaci- 
tance that makes the AD847 unity gain stable is provided by the 
junction capacitances of transistors in the gain stage. 

The capacitor, C F , in the output stage mitigates the effect of 
capacitive loads. At low frequencies and with low capacitive 
loads, the gain from the compensation node to the output is 
very close to unity. In this case C F is bootstrapped and does not 
contribute to the compensation capacitance of the part. As the 
capacitive load is increased, a pole is formed with the output 
impedance of the output stage. This reduces the gain, and there- 
fore, C F is incompletely bootstrapped. Some fraction of C F con- 
tributes to the compensation capacitance, and the unity gain 
bandwidth falls. As the load capacitance is increased, the band- 
width continues to fall, and the amplifier remains stable. 



Figure 22. AD847 Simplified Schematic 


GROUNDING AND BYPASSING 

In designing practical circuits with the AD847, the user must 
remember that whenever high frequencies are involved, some 
special precautions are in order. Circuits must be built with 
short interconnect leads. A large ground plane should be used 
whenever possible to provide a low resistance, low inductance 
circuit path, as well as minimizing the effects of high frequency 
coupling. Sockets should be avoided because the increased inter- 
lead capacitance can degrade bandwidth. 

Feedback resistors should be of low enough value to assure that 
the time constant formed with the capacitances at the amplifier 
summing junction will not limit the amplifier performance. 
Resistor values of less than 5 kfl are recommended. If a larger 
resistor must be used, a small (<10 pF) feedback capacitor in 
parallel with the feedback resistor, R F , may be used to compen- 
sate for the input capacitances and optimize the dynamic perfor- 
mance of the amplifier. 

Power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. 0. 1 p,F ceramic disc capacitors are 
recommended. 
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Figure 24 shows the AD847 driving 100 pF and 1000 pF loads. 


AD847 

VIDEO LINE DRIVER 

The AD847 functions very well as a low cost, high speed line 
driver for either terminated or unterminated cables. Figure 23 
shows the AD847 driving a doubly terminated cable in a fol- 
lower configuration. 

The termination resistor, R x , (when equal to the cable’s charac- 
teristic impedance) minimizes reflections from the far end of the 
cable. While operating from ±5 V supplies, the AD847 main- 
tains a typical slew rate of 200 V/p,s, which means it can drive a 
± 1 V, 30 MHz signal into a terminated cable. 





Figure 23. Video Line Driver 


Table I. Video Line Driver Performance Chart 


V, N * 

^SUPPLY 

Cc 

-3 dB B w 

Over- 

shoot 

0 dB or ±500 mV Step 

±15 

20 pF 

23 MHz 

4% 

0 dB or ±500 mV Step 

±15 

15 pF 

21 MHz 

0% 

0 dB or ±500 mV Step 

±15 

OpF 

13 MHz 

0% 

0 dB or ±500 mV Step 

±5 

20 pF 

18 MHz 

2% 

0 dB or ±500 mV Step 

±5 

15 pF 

16 MHz 

0% 

0 dB or ±500 mV Step 

±5 

OpF 

11 MHz 

0% 


NOTE 

*-3 dB bandwidth numbers are for the 0 dBm signal input. Overshoot num- 
bers are the percent overshoot of the 1 volt step input. 


A back-termination resistor (R BX , also equal to the characteristic 
impedance of the cable) may be placed between the AD847 out- 
put and the cable input, in order to damp any reflected signals 
caused by a mismatch between R x and the cable’s characteristic 
impedance. This will result in a flatter frequency response, 
although this requires that the op amp supply ±2 V to the out- 
put in order to achieve a - 1 V swing at resistor R x . 



Figure 24. AD847 Driving Capacitive Loads 

FLASH ADC INPUT BUFFER 

The 35 MHz unity gain bandwidth of the AD847 when operated 
with ±5 V supplies makes it an excellent choice for buffering 
the input of high speed flash A/D converters, such as the 
AD9048. 

Figure 25 shows the AD847 as a unity inverter for the input to 
the AD9048. 



Figure 25. Flash ADC Input Buffer 
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A High Speed, Three Op-Amp In-Amp 

The circuit of Figure 26 lends itself well to CCD imaging and 
other video speed applications. It uses two high speed CB pro- 
cess op-amps: Amplifier A3, the output amplifier, is an AD847. 
The input amplifier (A1 and A2) is an AD827, which is a dual 
version of the AD847. This circuit has the optional flexibility of 
both dc and ac trims for common-mode rejection, plus the abil- 
ity to adjust for minimum settling time. 


Input 

Frequency 

CMRR 

100 Hz 

88.3 dB 

1 kHz 

87.4 dB 

10 kHz 

86.2 dB 

100 kHz 

67.4 dB 

1 MHz 

47.1 dB 

10 MHz 

26.4 dB 




Bandwidth, Settling Time and Total Harmonic Distortion vs. Gain 


Gain 

Rg 

Cj\E>J 

(pF) 

Small Signal 
Bandwidth 

Settling Time 
to 0.1% 

THD+ Noise 
Below Input Level 
@ 10 kHz 

1 

Open 

2-8 

16.1 MHz 

200 ns 

82 dB 

2 

2kfl 

2-8 

14.7 MHz 

200 ns 

82 dB 

10 

226 (1 

2-8 

4.5 MHz 

370 ns 

81 dB 

100 

200 (l 

2-8 

660 kHz 

2.5 |xs 

71 dB 


Figure 26. A High Speed In-Amp Circuit for Data Acquistion 
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AD847 


HIGH SPEED DAC BUFFER 

The wide bandwidth and fast settling time of the AD847 makes 
it a very good output buffer for high speed current-output D/A 
converters like the ADDAC-08. Figure 28 shows the ADD AC- 
08 with the AD847 as the current to voltage converter. In this 
unipolar configuration the output swing ranges from 0.00 V to 
+9.96 V. 

Figure 27 shows the full scale settling time of this circuit when 
the digital codes are changed from all Is to all Os. For the 
+9.96 V to 0.00 V output change shown 1 LSB = 40 mV the 
overall settling time of the circuit is 140 ns. 

The variable feedback capacitor, C F , is used to optimize the set- 
tling time of the circuit by compensating for the additional pole 
created by R F and the stray capacitance at the inverting input 


pin. A -10.0 V to +9.92 V bipolar output is achievable by con- 
necting a 10 kfl resistor between the AD587 output and the 
AD847 input and replacing R F with a 10 kft resistor. 



Figure 27. Settling Time for AD DAC-08 and AD847 
Combination 



Figure 28. High Speed DAC Buffer 
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ANALOG 

DEVICES 


High Speed, Low Power 
Monolithic Op Amps 


AD848/AD849 


FEATURES 

725MHz Gain Bandwidth - AD849 
175MHz Gain Bandwidth - AD848 
4.8mA Supply Current 
300V/ps Slew Rate 

80ns Settling Time to 0.1% for a 10V Step - AD849 
Differential Gain: AD848 = 0.07%, AD849 = 0.08% 
Differential Phase: AD848 = 0.08°, AD849 = 0.04° 

Drives Capacitive Loads 

DC PERFORMANCE 

3nV/Vfiz Input Voltage Noise - AD849 
85V/mV Open Loop Gain into a IkD Load - AD849 
ImV max input Offset Voltage 
Performance Specified for ±5V and ±15V Operation 
Available in Plastic, Hermetic Cerdip and Small Outline 
Packages. Chips and MIL-STD-883B Parts Available. 
Tape and Reel Also Available 

APPLICATIONS 
Cable Drivers 

8- and 10-Bit Data Acquisition Systems 
Video and R F Amplification 
Signal Generators 

PRODUCT DESCRIPTION 

The AD848 and AD849 are high speed, low power monolithic 
operational amplifiers. The AD848 is internally compensated so 
that it is stable for closed loop gains of 5 or greater. The AD 849 
is fully decompensated and is stable at gains greater than 24. 

The AD848 and AD849 achieve their combination of fast ac and 
good dc performance by utilizing Analog Devices’ junction iso- 
lated complementary bipolar (CB) process. This process enables 
these op amps to achieve their high speed while only requiring 
4.8mA of current from the power supplies. 

The AD848 and AD849 are members of Analog Devices’ family 
of high speed op amps. This family includes, among others, the 
AD847 which is unity gain stable, with a gain bandwidth of 
50MHz. For more demanding applications, the AD840, AD841 
and AD842 offer even greater precision and greater output cur- 
rent drive. 

The AD848 and AD849 have good dc performance. When oper- 
ating with ±5V supplies, they offer open loop gains of 13V/mV 


CONNECTION DIAGRAM 
AD848 and AD849 


Plastic (N), Small 
Outline (R) and 
Cerdip (Q) Packages 



NULL 

+v s 

OUTPUT 

NC 


(AD848 with a 5000 load) and low input offset voltage of ImV 

maximum. Common-mode rejection is a minimum of 92dB. 

Output voltage swing is ±3V even into loads as low as 1500. 

APPLICATIONS HIGHLIGHTS 

1 . The high slew rate and fast settling time of the AD848 and 
AD849 make them ideal for video instrumentation circuitry, 
low noise preamps and line drivers. 

2. In order to meet the needs of both video and data acquisition 
applications, the AD848 and AD849 are optimized and tested 
for ±5V and ±15V power supply operation. 

3. Both amplifiers offer full power bandwidth greater than 
20MHz (for 2V p-p with ±5V supplies). 

4. The AD848 and AD849 remain stable when driving any 
capacitive load. 

5. Laser wafer trimming reduces the input offset voltage to 
ImV maximum on all grades, thus eliminating the need for 
external offset nulling in many applications. 

6. The AD848 is an enhanced replacement for the LM6164 
series and can function as a pin-for-pin replacement for many 
high speed amplifiers such as the HA2520/2/5 and EL2020 in 
applications where the gain is 5 or greater. 
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AD848/AD849 -SPECIFICATIONS (@ t a = +25°C, unless otherwise noted) 


Model 

Conditions 

V s 

AD848J 

Min Typ Max 

AD848A/S 

Min Typ Max 

Units 

INPUT OFFSET VOLTAGE 1 


±5V 

0.2 1 

0.2 1 

mV 



±15V 

0.5 2.3 

0.5 2.3 

mV 


T m ,„ to T m „ 

±5V 

1.5 

2 

mV 



±15V 

3.0 

3.5 

mV 

Offset Drift 


±5V, ±15V 

7 

7 

pV/°C 

INPUT BIAS CURRENT 


±5V, ±15V 

3.3 6.6 

3.3 6.6/5 

m-A 


Tjjyj, to T max 

±5V, ±15V 

7.2 

7.5 

pA 

INPUT OFFSET CURRENT 


±5V, ±15V 

50 300 

50 300 

nA 


T„. to T m „ 

±5V, ±15V 

400 

400 

nA 

Offset Current Drift 


±5V, ±15V 

0.3 

0.3 

nA/°C 

OPEN LOOP GAIN 

V 0 = ±2.5V 

±5V 





\oad = 5000 


9 13 

9 13 

V/mV 


TmiH to T max 


7 

7/5 

V/mV 


Rix>ad = 1500 


8 

8 

V/mV 


Vout=±10V 

±15V 

i 




Rload = IkO 


12 20 

12 20 

V/mV 


Tmto to T m „ 


8 

8/6 

V/mV 

DYNAMIC PERFORMANCE 






Gain Bandwidth 

A V cl— 5 

| ±5V 

125 

125 

MHz 



±15V 

175 

175 

MHz 

Full Power Bandwidth 2 

V 0 = 2V p-p, 






R l = 5000 

±5V 

24 

24 

MHz 


V 0 = 20V p-p, 

1 



■ 


R L = IkO 

±15V 

4.7 

4.7 

MHz 

Slew Rate 


±5V 

200 

200 

V/ps 


Rload = IkO 

±15V 

225 300 

225 300 

V/ps 

Settling Time to 0. 1% 

-2.5V to +2.5V 

±5V 

65 

65 

ns 


10V Step, A v = -4 

±15V 

100 

100 

ns 

Phase Margin 

Cload = 10pF 

±15V 





^LOAD = 


60 

60 

Degrees 

DIFFERENTIAL GAIN 

f= 4.4MHz 

±1$V 

0.07 

0.07 

% 

DIFFERENTIAL PHASE 

f= 4.4MHz 

±15V 

0.08 

0.08 

Degree 

COMMON-MODE REJECTION 

V CM = ±2.5V 

±5V 

92 105 

92 105 

dB 


V cm =±12V 

±15V 

92 105 

92 105 

dB 


T min to T max 


88 

88 

dB 

POWER SUPPLY REJECTION 

V s = ±4.5V to ± 18V 


85 98 

85 98 

dB 


T„un to T max 


80 

80 

dB 

INPUT VOLTAGE NOISE 

f = 10kHz 

±15V 

5 

5 

nV/VHi 

INPUT CURRENT NOISE 

f = 10kHz 

±15V 

1.5 

1.5 

pA/VHz 

INPUT COMMON-MODE 






VOLTAGE RANGE 


±5V 

+4.3 

+4.3 

V 




-3.4 

-3.4 

V 



±15V 

+ 14.3 

+ 14.3 

V 




-13.4 

-13.4 

V 

OUTPUT VOLTAGE SWING 

^LOAD = 5000 

±5V 

3.0 3.6 

3.0 3.6 

• ±V 


^LOAD = 1500 

±5V 

2.5 3 

2.5 3 

±v 


Rload = 500 

±5V 

1.4 

1.4 

±v 


Rload = IkO 

± 15V 

12 

12 

±v 


Rload = 5000 

±15V 

10 

10 

±v 

SHORT CIRCUIT CURRENT 


±15V 

32 

32 

mA 

INPUT RESISTANCE 



70 

70 

kft 

.INPUT CAPACITANCE 



1.5 

1.5 

pF 

OUTPUT RESISTANCE 

Open Loop 


15 

15 

a 

POWER SUPPLY 






Operating Range 



±4.5 ±18 

±4.5 ±18 

V 

Quiescent Current 


±5V 

4.8 6.0 

4.8 6.0 

mA 


Tmin tO T m „ 


7.4 

7.4/8.3 

mA 



±15V 

5.1 6.8 

5.1 6.8 

mA 


Tmin » T max 


8.0 

8.0/9.0 

mA 


NOTES 

'Input offset voltage specifications are guaranteed after 5 minutes at T A = +25°C. 

2 Full power bandwidth = slew rate/2-rr V PEAK . Refer to Figure 1. 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. All others are guaranteed but 
not necessarily tested. 

Specifications subject to change without notice. 
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AD848/AD849 


Model 

Conditions 

V s 

AD849J 

Min Typ Max 

AD849A/S 

Min Typ Max 

Units 

INPUT OFFSET VOLTAGE 1 


±5V 

0.3 1 

0.1 0.75 

mV 



± 15V 

0.3 1 

0.1 0.75 

mV 


T min to T max 

±5V 

1.3 

1.0 

mV 



± 15V 

1.3 

1.0 

mV 

Offset Drift 


±5V, ± 15V 

2 

2 

^V/°C 

INPUT BIAS CURRENT 


±5V, ± 15V 

3.3 6.6 

3.3 6.6/5 

M-A 


T m ,„ to T m „ 

±5V, ± 15V 

7.2 

7.5 


INPUT OFFSET CURRENT 


±5V, ±15V 

50 300 

50 300 

nA 


T min to T max 

±5V, ±15V 

400 

400 

nA 

Offset Current Drift 


±5V, ± 15V 

0.3 

0.3 

nA/°C 

OPEN LOOP GAIN 

V 0 =±2.5V 

±5V 





Rload = 5000 


30 50 

30 50 

V/mV 


T min to T max 


20 

20/15 

V/mV 


R L oad=150O 


32 

32 

V/mV 


V O ut=±10V 

±15V 





Rload = IkO 


45 85 

45 85 

V/mV 


T min to T max 


30 

30/25 

V/mV 

DYNAMIC PERFORMANCE 






Gain Bandwidth 

Avcl-25 

±5V 

520 

520 

MHz 



±15V 

725 

725 

MHz 

Full Power Bandwidth 2 

V 0 ~2V p-p, 






R l = 5000 

±5V 

20 

20 

MHz 


V 0 = 20V p-p, 






R l = IkO 

±15V 

4.7 

4.7 

MHz 

Slew Rate 


±5V 

200 

200 

V/jJLS 


Rload = 

± 15V 

225 300 

225 300 

V/p,s 

Settling Time to 0.1% 

-2.5V to +2.5V 

±5V 

65 

65 

ns 


10V Step, A v = -24 

±15V 

80 

80 

ns 

Phase Margin 

Cload = lOpF 

± 15V 





Rload = l^O 


60 

60 

Degrees 

DIFFERENTIAL GAIN 

f= 4.4MHz 

±15V 

0.08 

0.08 

% 

DIFFERENTIAL PHASE 

f= 4.4MHz 

±15V 

0.04 

0.04 

Degree 

COMMON-MODE REJECTION 

V cm =±2.5V 

±5V 

100 115 

100 115 

dB 


V cm =±12V 

± I5V 

100 115 

100 115 

dB 


T min to T max 


96 

96 

dB 

POWER SUPPLY REJECTION 

V s = ±4.5V to ±18V 


98 120 

& 

00 

© 

dB 


T mi „ to T m „ 


94 

94 

dB 

INPUT VOLTAGE NOISE 

f = 10kHz 

± .5V 

3 

3 

nV/\/Hz 

INPUT CURRENT NOISE 

f = 10kHz 

±15V 

1.5 

1.5 

pA/VHz 

INPUT COMMON-MODE 






VOLTAGE RANGE 


±5V 

+4.3 

+4.3 

V 




-3.4 

-3.4 

V 



± 15V 

+ 14.3 

+ 14.3 

V 




-13.4 

-13.4 

V 

OUTPUT VOLTAGE SWING 

Rload — 5000 

±5V 

3.0 3.6 

3.0 3.6 

±v 


Rload = 1500 

±5V 

2.5 3 

2.5 3 

±v 


Rload = 500 

±5V 

1.4 

1.4 

±v 


Rload = IkO 

± 15V 

12 

12 

±v 


Rload = 5000 

±15V 

10 

10 

±v 

SHORT CIRCUIT CURRENT 


± 15V 

32 

32 

mA 

INPUT RESISTANCE 



25 

25 

kfl 

INPUT CAPACITANCE 



1.5 

1.5 

pF 

OUTPUT RESISTANCE 

Open Loop 


15 

15 

n 

POWER SUPPLY 






Operating Range 



±4.5 ±18 

±4.5 ±18 

V 

Quiescent Current 


±5V 

4.8 6.0 

4.8 6.0 

mA 


T min to T max 


7.4 

7.4/8. 3 

mA 



± 15V 

5.1 6.8 

5.1 6.8 

mA 


T min to T max 


8.0 

8.0/9.0 

mA 


NOTES 

'Input offset voltage specifications are guaranteed after 5 minutes at T A = +25°C. 

Tull power bandwidth = slew rate/2-iT V PEAK . Refer to Figure 2. 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. All others are guaranteed but 
not necessarily tested. 

Specifications subject to change without notice. 
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AD848/AD849 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±18V 

Internal Power Dissipation 2 

Plastic (N) 1.1 Watts 

Small Outline (R) 0.9 Watts 

Cerdip(Q) 1.1 Watts 

Input Voltage ±V S 

Differential Input Voltage +6V 

Storage Temperature Range Q -65°C to +150°C 

N, R -65°C to +125°C 

Junction Temperature + 175°C 

Lead Temperature Range (Soldering 60sec) +300°C 


‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

2 Mini-DIP Package: 0 JA = 1 10°C Watt. 

Cerdip Package: 0 JA = 110°C Watt. 

Small Outline Package: 0 JA = 155°C Watt. 


METALIZATION PHOTOGRAPH 

Contact factory for latest dimensions. (AD848 and AD849 are identical 
except for the part number in the upper right.) 
Dimensions shown in inches and (mm). 

L, 0.067 _J 

\ (1.70) *1 


NULL 

8 



SUBSTRATE CONNECTED TO +V S 


ORDERING GUIDE 


Model 

Gain 

Bandwidth 

MHz 

Min 

Stable 

Gain 

Max 

Offset Voltage 
mV 

Temperature 
Range - °C 

Package 
Option 1, 2 

AD848JN 

175 

5 

1 

0 to +70 

N-8 

AD848JR 

175 

5 

1 

0 to +70 

R-8 

AD848AQ 

175 

5 

1 

-40 to +85 

Q-8 

AD848SQ 

175 

5 

1 

-55 to +125 

0-8 

AD848SQ/883B 

175 

5 

1 

-55 to +125 

Q-8 

AD849JN 

725 

25 

1 

0 to +70 

N-8 

AD849JR 

725 

25 

1 

0 to +70 

R-8 

AD849AQ 

725 

25 

0.75 

-40 to +85 

Q-8 

AD849SQ 

725 

25 

0.75 

-55 to +125 

Q-8 

AD849SQ/883B 

725 

25 

0.75 

-55 to +125 

Q-8 

AD847J/A/S 

50 

1 

1 

See AD847 Data Sheet 


NOTES 

‘Plastic SOIC (R) available in tape and reel. AD848 available in S grade chips. AD849 available in 
J and S grade chips. 

2 N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline information see Package 
Information section. 
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AD848/AD849 


r f 

4.99kli 



r f 

12.5kll 



Figure 1. AD848 Inverting Amplifier Configuration 


Figure 2. AD849 Inverting Amplifier Configuration 



Figure 1b. AD848 Small Signal 
Pulse Response 


Figure 2b. AD849 Small Signal 
Pulse Response 


OFFSET NULLING 

The input voltage of the AD848 and AD849 are very low for 
high speed op amps, but if additional nulling is required, the 
circuit shown in Figure 3 can be used. 

For high performance circuits it is recommended that a resistor 
(R b in Figures 1 and 2) be used to reduce bias current errors by 
matching the impedance at each input. The offset voltage error 
caused by the input currents is decreased by more than an order 
of magnitude. 



Figure 3. Offset Nulling 
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QUIESCENT CURRENT - 


AD848/AD849 — Typical Characteristics (@ +25°C and V S =±15V, unless otherwise noted) 



SUPPLY VOLTAGE - * Volts LOAD RESISTANCE - « 

INPUT FREQUENCY -Hz 


Figure 4. Quiescent Current vs. Figure 5. Large Signal Frequency Figure 6. Output Voltage Swing vs. 

Supply Voltage (AD848 and AD849) Response (AD848 and AD849) Load Resistance (AD848 and AD849) 



Figure 7. Open Loop Gain vs. Figure 8. Open Loop Gain vs. Figure 9. Output Swing and 

Load Resistance (AD848) Load Resistance (AD849) Error vs. Settling Time (AD848) 



TEMPERATURE - °C AMBIENT TEMPERATURE - °C TEMPERATURE - °C 


Figure 10. Quiescent Current vs. Figure 11. Short Circuit Current Figure 12. Input Bias Current vs. 

Temperature (AD848 and AD849) Limit vs. Temperature (AD848 Temperature (AD848 and AD849) 

and AD849) 
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AD848/AD849 



FREQUENCY -Hz FREQUENCY- Hz TEMPERATURE - °C 

Figure 13. Open Loop Gain and Figure 14. Open Loop Gain and Figure 15. Normalized Gain Band- 

Phase Margin vs. Frequency ( AD848 ) Phase Margin vs. Frequency (AD849) width Product vs. Temperature 

(AD848 and AD849) 



k 10k 100k 100 1k 10 k 100k W W °° 

FREQUENCY - Hz FREQUENCY - Hz TEMPERATURE - X 


Figure 16. Harmonic Distortion vs. Figure 17. Harmonic Distortion vs. Figure 18. Slew Rate vs. Temperature 

Frequency (AD848) Frequency (AD849) (AD848 and AD849) 



FREQUENCY- Hz 



FREQUENCY -Hz 



FREQUENCY -Hz 


Figure 19. Power Supply Rejection Figure 20. Power Supply Rejection Figure 21. Common-Mode 

vs, Frequency (AD848) vs. Frequency (AD849) Rejection vs. Frequency 
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AD848/AD849 — Applications 

GROUNDING AND BYPASSING 

In designing practical circuits with the AD848 or AD849, the 
user must remember that whenever high frequencies are 
involved, some special precautions are in order. Circuits must be 
built with short interconnect leads. A large ground plane should 
be used whenever possible to provide a low resistance, low in- 
ductance circuit path, as well as minimizing the effects of high 
frequency coupling. Sockets should be avoided because the in- 
creased interlead capacitance can degrade bandwidth. 

Feedback resistors should be of low enough value to assure that 
the time constant formed with the capacitances at the amplifier 
summing junction will not limit the amplifier performance. Re- 
sistor values of less than 5kfi are recommended. If a larger re- 
sistor must be used, a small (<10pF) feedback capacitor in 
parallel with the feedback resistor, R F , may be used to compen- 
sate for the input capacitances and optimize the dynamic perfor- 
mance of the amplifier. 

Power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. O. IjjlF ceramic disc capacitors are 
recommended. 

VIDEO LINE DRIVER 

The AD848 functions very well as a low cost, high speed line 
driver of either terminated or unterminated cables. Figure 22 
shows the AD848 driving a doubly terminated cable. 

The termination resistor, R x , (when equal to the characteristic 
impedance of the cable) minimizes reflections from the far end 
of the cable. While operating off ±5V supplies, the AD848 
maintains a typical slew rate of 200V/ps, which means it can 
drive a ±1V, 24MHz signal on the terminated cable. 

A back-termination resistor (R BT , also equal to the characteristic 
impedance of the cable) may be placed between the AD848 out- 
put and the cable in order to damp any reflected signals caused 
by a mismatch between R T and the cable’s characteristic imped- 
ance. This will result in a “cleaner” signal, although it requires 
that the op amp supply ±2V to the output in order to achieve a 
± IV swing at the line. 


r 2 r f 



Figure 22. Video Line Driver 



Often termination is not used, either because signal integrity 
requirements are low or because too many high frequency sig- 
nals returned to ground contaminate the ground plane. Untermi- 
nated cables appear as capacitive loads. Since the AD848 and 
AD 849 are stable into any capacitive load, the op amp will not 
oscillate if the cable is not terminated; however pulse integrity 
will be degraded. Figure 23 shows the AD848 driving both 
lOOpF and lOOOpF loads. 

LOW NOISE PRE-AMP 

The input voltage noise spectral densities of the AD848 and the 
AD849 are shown in Figure 24. The low wideband noise and 
high gain bandwidths of these devices makes them well suited as 
pre-amps for high frequency systems. 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY - Hz 


Figure 24. Input Voltage Noise Spectral Density 

Input voltage noise will be the dominant source of noise at the 
output in most applications. Other noise sources can be mini- 
mized by keeping resistor values as small as possible. 
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ANALOG 

DEVICES ( 

Ultrahigh Frequency 
Iperational Amplifier 

l 

\D553 

9 


FEATURES 

Improved Replacement for Signetics SE/NE5539 

AC PERFORMANCE 
Gain Bandwidth Product: 1.4 GHz typ 
Unity Gain Bandwidth: 220 MHz typ 
High Slew Rate: 600 V/ps typ 
Full Power Response: 82 MHz typ 
Open-Loop Gain: 47 dB min, 52 dB typ 

DC PERFORMANCE 

All Guaranteed DC Specifications Are 100% Tested 
For Each Device Over Its Full Temperature 
Range - For All Grades and Packages 
V os : 5 mV max Over Full Temperature Range 
(AD5539J) 

l B : 20 fiA max (AD5539J) 

CMRR: 70 dB min, 85 dB typ 
PSRR: 100 pV/V typ 
MIL-STD-883B Parts Available 

PRODUCT DESCRIPTION 

The AD5539 is an ultrahigh frequency operational amplifier de- 
signed specifically for use in video circuits and RF amplifiers. 
Requiring no external compensation for gains greater than 5, it 
may be operated at lower gains with the addition of external 
compensation. 

As a superior replacement for the Signetics NE/SE5539, each 
AD5539 is 100% dc tested to meet all of its guaranteed dc speci- 
fications over the full temperature range of the device. 

The high slew rate and wide bandwidth of the ADS 5 39 provide 
low cost solutions to many otherwise complex and expensive 
high frequency circuit design problems. 

The AD5539 is available specified to operate over either the 
commercial (AD5539JN/JQ) or military (AD5539SQ) tempera- 
ture range. The commercial grade is available either in 14-pin 
plastic or cerdip packages. The military version is supplied in 
the cerdip package. Chip versions are also available. 


CONNECTION DIAGRAM 
Plastic DIP (N) Package 
or Cerdip (Q) Package 



INVERTING 

INPUT 

NC 

FREQUENCY 

COMPENSATION 

NC 


V + 


NC 

OUTPUT 


PRODUCT HIGHLIGHTS 

1. All guaranteed dc specifications are 100% tested. 

2. The AD5539 drives 50 ft and 75 ft loads directly. 

3. Input voltage noise is less than 4 nVVHz. 

4. Low cost RF and video speed performance. 

5. ±2 volt output range into a 150 ft load. 

6. Low cost. 

7. Chips available. 


REV. A 


OPERATIONAL AMPLIFIERS 2-153 





AD5539 — SPECIFICATIONS 


(@ +25°C and V s = ±8 V dc, unless otherwise noted) 



AD5539J 

AD5539S 


Parameter 

Min Typ Max 

Min Typ Max 

Units 

INPUT OFFSET VOLTAGE 




Initial Offset 1 

2 5 

2 3 

mV 

Tmm tO T m „ 

6 

5 

mV 

INPUT OFFSET CURRENT 




Initial Offset 2 

0.1 2 

0.1 1 

p,A 

T^toT^ 

5 

3 

liA 

INPUT BIAS CURRENT 




Initial 2 




Vcm = 0 

6 20 

6 13 

|xA 

Either Input 




T m in to T max 

40 

25 

|aA 

FREQUENCY RESPONSE 




R l = 150 ft 3 




Small Signal Bandwidth 

220 

220 

MHz 

Acl = 2 4 




Gain Bandwidth Product 

1400 

1400 

MHz 

Ac L = 26 dB 




Full Power Response 




Acl = 2 4 

68 

68 

MHz 

Acl = 7 

82 

82 

MHz 

Acl = 20 

65 

65 

MHz 

Settling Time (1%) 

12 

12 

ns 

Slew Rate 

600 

600 

V/p,s 

Large Signal Propagation Delay 

4 

4 

ns 

Total Harmonic Distortion 




R L = 00 

0.010 

0.010 

% 

r l = ioo a 3 

0.016 

0.016 

% 

Vqut = 2 V p-p 




Acl = 7, f = 1 kHz 




INPUT IMPEDANCE 

100 

100 

ka 

OUTPUT IMPEDANCE (f <10 MHz) 

2 

2 

a 

INPUT VOLTAGE RANGE 




Differential 5 




(Max Nondestructive) 

250 

250 

mV 

Common-Mode Voltage 




(Max Nondestructive) 

2.5 

2.5 

V 

Common-Mode Rejection Ratio 




AV cm = 1.7 V 




r s = ioo a 

70 85 

70 85 

dB 

Tmin tO T max 

60 

60 

dB 

INPUT VOLTAGE NOISE 




Wideband RMS Noise (RTI) 

5 

5 


BW = 5 MHz; R s = 50 a 




Spot Noise 

4 

4 

nV\/Hz 

F = 1 kHz; R s = 50 O 




QPEN-LOOP GAIN 




V 0 = +2.3 V, -1.7 V 




R l = 150 a 3 

47 52 58 

47 52 58 

dB 

R L = 2 ka 

47 58 

48 57 

dB 

Train to T max -Rl = 2 ka 

43 63 

46 60 

dB 
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AD5539 



AD5539J 



AD5539S 



Parameter 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

OUTPUT CHARACTERISTICS 








Positive Output Swing 








R l = 150 O 3 

+2.3 

+ 2.8 


+2.3 

+2.8 


V 

R l = 2 kft 

Tmin ^0 T max With 

+2.3 

+ 3.3 


+2.5 

+3.3 


V 

R L = 2 kO 

+2.3 



+2.3 



V 

Negative Output Swing 








R l = 150 a 3 


-2.2 

-1.7 


-2.2 

-1.7 

V 

R l = 2 kH 

TnUn to T max with 


-2.9 

-1.7 


-2.9 

-2.0 

V 

R l = 2 kH 



-1.5 



-1.5 

V 

POWER SUPPLY (No Load, No Resistor to - V s ) 







Rated Performance 


±8 



±8 


V 

Operating Range 

Quiescent Current 

±4.5 


±10 

±4.5 


±10 

V 

Initial I C c+ 


14 

18 


14 

17 

mA 

T mi „ to T m „ 



20 



18 

mA 

Initial I cc - 


11 

15 


11 

14 

mA 

tO T max 



17 



15 

mA 

PSRR 








Initial 


100 

1000 


100 

1000 

p.V/V 

T min to T max 



2000 

1 



2000 

|xV/V 

TEMPERATURE RANGE 



! 





Operating, 



1 





Rated Performance 








Commercial (0 to +70°C) 

! AD5539JN, AD5539JQ 





Military (~55°C to +125°C) 



[ 


AD5539SQ 



PACKAGE OPTIONS 6 








Plastic (N-14) 

AD5539JN 







Cerdip (Q-14) 

AD5539JQ 



AD5539SQ, AD5539SQ/883B 


J and S Grade Chips Available 



! 

1 


l 



NOTES 

'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at T A = +25°C. 

2 Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at T A = +25°C. 

3 R X = 470 fl to -V s . 

4 Externally compensated. 

5 Defined as voltage between inputs, such that neither exceeds +2.5 V, -5.0 V from ground. 

6 For outline information see Package Information section. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 


REV. A 


OPERATIONAL AMPLIFIERS 2-155 



AD5539 


ABSOLUTE MAXIMUM RATINGS 1 


Supply Voltage ± 10V 

Internal Power Dissipation 550mW 

Input Voltage + 2.5V, - 5.0V 

Differential Input Voltage 0.25V 

Storage Temperature Range Q — 65°C to + 150°C 

Storage Temperature Range N -65°C to + 125°C 

Operating Temperature Range 

AD5539JN 0to+70°C 

AD5539JQ . . 0 to + 70°C 

AD5539SQ - 55°C to + 125°C 


Lead Temperature Range (Soldering 60 seconds) .... 300°C 

NOTES 

'Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 


OFFSET NULL CONFIGURATION 


+v s r f 



OUTPUT NULL RANGE - +V S ( ) TO -V s ( ) 

V R NULL / V "NULL / 

OFFSET NULL CONFIGURATION 
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Typical Characteristics - AD5539 



5 6 7 8 9 10 10 100 Ik 10k 5 6 7 8 9 10 

SUPPLY VOLTAGE - ± Volts LOAD RESISTANCE - Ohms SUPPLY VOLTAGE - ± Volts 


Figure 1. Output Voltage Swing Figure 2. Output Voltage Swing Figure 3. Maximum Common- 

vs. Supply Voltage vs. Load Resistance Mode Voltage vs. Supply Voltage 



SUPPLY VOLTAGE - ± Volts OUTPUT VOLTAGE - Volts FREQUENCY - Hi 


Figure 4. Positive Supply Current Figure 5. Input Voltage vs. Output Figure 6. Low Frequency Input 

vs. Supply Voltage Voltage for Various Temperatures Noise vs. Frequency 



FREQUENCY - Hz FREQUENCY - Hz FREQUENCY - Hz 

Figure 7. Common-Mode Figure 8. Harmonic Distortion Figure 9. Harmonic Distortion 

Rejection Ratio vs. Frequency vs. Frequency - Low Gain vs. Frequency - High Gain 
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AD5539 



FREQUENCY - Hz 



0 10 20 30 40 50 

CLOSED LOOP VOLTAGE GAIN ( 5? j 


Figure 10. Full Power Response 


Figure 1 1. Deviation from Ideal Gain 
vs. Closed-Loop Voltage Gain 



FUNCTIONAL DESCRIPTION 

The AD5539 is a two-stage, very high frequency amplifier. Dar- 
lington input transistors Ql, Q4 -Q2, Q3 form the first stage — 
a differential gain amplifier with a voltage gain of approximately 
50. The second stage, Q5, is a single-ended amplifier whose in- 
put is derived from one phase of the differential amplifier out- 
put; the other phase of the differential output is then summed 
with the output of Q5. The all NPN design of the AD5539 is 
configured such that the emitter of Q5 is returned, via a small 
resistor to ground; this eliminates the need for separate level 
shifting circuitry. 

The output stage, consisting of transistors Q9 and Q 10, is a 
Darlington voltage follower with a resistive pull-down. The bias 
section, consisting of transistors Q6, Q7 and Q8, provides a sta- 
ble emitter current for the input section, compensating for tem- 
perature and power supply variations. 

SOME GENERAL PRINCIPLES OF HIGH FREQUENCY 
CIRCUIT DESIGN 

In designing practical circuits with the AD5539, the user must 
remember that whenever very high frequencies are involved, 


some special precautions are in order. All real-world applications 
circuits must be built using proper RF techniques: the use of 
short interconnect leads, adequate shielding, groundplanes, and 
very low profile IC sockets. In addition, very careful bypassing 
of power supply leads is a must. 

Low-impedance transmission line is frequently used to carry 
signals at RF frequencies: 50 f l line for telecommunications pur- 
poses and 75 fl for video applications. The AD5539 offers a rel- 
atively low output impedance; therefore, some consideration 
must be given to impedance matching. A common matching 
technique involves simply placing a resistor in series with the 
amplifier output that is equal to the characteristic impedance of 
the transmission line. This provides a good match (although at a 
loss of 6 dB), adequate for many applications. 

All of the circuits here were built and tested in a 50 II system. 
Care should be taken in adapting these circuits for each particu- 
lar use. Any system which has been properly matched and ter- 
minated in its characteristic impedance should have the same 
small signal frequency response as those shown in this data sheet. 


2-158 OPERATIONAL AMPLIFIERS 


REV. A 


Applying the AD5539 


APPLYING THE AD5539 

The AD5539 is stable for closed-loop gains of 4 or more as an 
inverter and at (noise) gains of 5 or greater as a voltage follower. 
This means that whenever the ADS 5 39 is operated at noise gains 
below 5, external frequency compensation must be used to 
insure stable operation. 

The following sections outline specific compensation circuits 
which permit stable operation of the AD5539 down to follower 
(noise) gains of 3 (inverting gains of 2) with corresponding 
-3 dB bandwidths up to 390 MHz. External compensation is 
achieved by modifying the frequency response to the AD5539’s 
external feedback network (i.e., by adding lead-lag compensa- 
tion) so that the amplifier operates at a noise gain of 5 (or more) 
at frequencies over 44 MHz, independent of signal gain. 



1M 10M 100M 1G 

FREQUENCY - Hz 

Figure 13. Small Signal Open-Loop Gain and 
Phase vs. Frequency 

GENERAL PRINCIPLES OF LEAD AND LAG 
COMPENSATION 

The AD5539 has its first pole or breakpoint in its open-loop 
frequency response at about 10 MHz (see Figure 13). At fre- 
quencies beyond 100 MHz, phase shift increases such that the 
output lags the input by 180° — well before the unity gain 
crossover frequency. Therefore, severe peaking (and possible 
oscillation) will result if the AD5539 is operated at noise gains 
below 5, unless external compensation is employed. Figure 14 
shows the uncompensated closed-loop frequency response of the 



FREQUENCY - Hz 

Figure 14. AD5539 Uncompensated Response , Closed- 
Loop Gain = 7 


AD5539 when operating at a noise gain of 7. Under these condi- 
tions, excess phase shift causes nearly 10 dB of peaking at 
150 MHz. 

Figure 15 illustrates the use of both lead and lag compensation 
to permit stable low-gain operation. The AD5539 is shown con- 
nected as an inverting amplifier with the required external com- 
ponents added to provide stability and improve high frequency 
response. The stray capacitance between the amplifier summing 
junction and ground, C x , represents whatever capacitance is as- 
sociated with the particular type of op amp package used plus 
the stray wiring capacitance at the summing junction. 

Evaluating the lead capacitance first (ignoring R LAG and C LAG 
for now): the feedback network, consisting of R2 and C LEAD , 
has a pole frequency equal to: 

1 

Fa ~ 2tt (Clead + C x ) iR\ II R2) (1) 

and a zero frequency equal to: 


2tt (jRI x Clead ) 


Usually, frequency F A is made equal to F B ; that is, (R1C X ) = 
(R2 C LEAD ), in a manner similar to the compensation used 
for an attenuator or scope probe. However, if the pole fre- 
quency, F a , will lie above the unity gain crossover frequency 
(440 MHz), then the optimum location of F B will be near the 



Figure 15. Inverting Amplifier Model Showing Both Lead 
and Lag Compensation 



Figure 16. A Model of the Feedback Network of the 
Inverting Amplifier 
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crossover frequency. Both of these circuit techniques add a large 
amount of leading phase shift at the crossover frequency, greatly 
aiding stability. 

The lag network (R LA g> Clag) increases the feedback attenua- 
tion, i.e., the amplifier operates at a higher noise gain, above 
some frequency, typically one-tenth of the crossover frequency. 
As an example, to achieve a noise gain of 5 at frequencies above 
44 MHz, for the circuit of Figure 15, would require a network 
of: 


Rlag 

II 

s 

NJ ■— 1 

1 

(3) 

Clag = 

1 

(4) 

2 it R lag (44 x 10 s ) 





nr 


mm 

in 


kb in 

■ 


■ hi 

m 


■ in 



■ in 



■ in 


, 5 I 1 L-UJ 1 1— l_LI 1 L_l_U I X l-l U 

100k INI 10M 100M 1G 

FREQUENCY - Hz 


It is worth noting that an R LAG resistor may be used alone, to 
increase the noise gain above 5 at all frequencies. However, this 
approach has the disadvantage of also increasing the dc offset 
and low frequency noise errors by an amount equal to the in- 
crease in gain, in this case, by a factor of 5. 

SOME PRACTICAL CIRCUITS 

The preceding general principles may now be applied to some 
actual circuits. 


Figure 18. Response of the (Figure 17) Inverter Circuit 
without a Lag Compensation Network 

A lag network (Figure 15) can be added to improve the response 
of this circuit even further as shown in Figures 19 and 20. In 
almost all cases, it is imperative to make capacitor C LEAD ad- 
justable; in some cases, C LAG must also be variable. Otherwise, 
component and circuit capacitance variations will dominate cir- 
cuit performance. 


A General Purpose Inverter Circuit 

Figure 17 is a general purpose inverter circuit operating at a 
gain of —2. 

For this circuit, the total capacitance at the inverting input is 
approximately 3 pF; therefore, C LEAD from Equations 1 and 2 
needs to be approximately 1.5 pF. As shown in Figure 17, a 
small trimmer is used to optimize the frequency response of this 
circuit. Without a lag compensation network, the noise gain of 
the circuit is 3.0 and, as shown in Figure 18, the output ampli- 
tude remains within ±0.5 dB to 170 MHz and the -3 dB band- 
width is 200 MHz. 


Clead 0.1 - 2.5pF TRIMMER 



Figure 17. A General Purpose Inverter Circuit 



FREQUENCY - Hz 


Figure 19. Response of the (Figure 17) Inverter Circuit 
with an R LAG Compensation Network Employed 



FREQUENCY - Hz 
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Figure 20. Response of the (Figure 17) Inverter Circuit 
with an R LAG and a C LAG Compensation Network 
Employed 
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Figures 21 and 22 show the small and large signal pulse re- 
sponses of the general purpose inverter circuit of Figure 17, 
with C LEAD =1.5 pF, R L ag=330 fl and Clag^^.S pF. 


R2 


AD5539 



Figure 21. Small Signal Pulse Response of the (Figure 17) 
Inverter Circuit; Vertical Scale: 50 mV/div; Horizontal 
Scale: 5 ns/div 



Figure 22. Large Signai Response of the (Figure 17) In- 
verter Circuit; Vertical Scale: 200 mV/div, Horizontal 
Scale: 5 ns/div 

A C lead capacitor may be used to limit the circuit bandwidth 
and to achieve a single pole response free of overshoot 

(-3 dB frequency 


If this option is selected, it is recommended that a C LEA d be 
connected between Pin 12 and the summing junction, as shown 
in Figure 23. Pin 12 provides a separately buffered version of 
the output signal. Connecting the lead capacitor here avoids the 
excess output-stage phase shift and subsequent oscillation prob- 
lems (at approx. 350 MHz) which would otherwise occur when 
using the circuit of Figure 17 with a C LEA d of more than about 
2 pF. 

Figure 24 shows the response of the circuit of Figure 23 for 
each connection of C LEA d* Lag components may also be added 
to this circuit to further tailor its response, but, in this case, the 
results will be slightly less satisfactory than connecting C LEAD 
directly to the output, as was done in Figure 17. 



Figure 23. A Gain of 2 Inverter Circuit with the C LEAD Ca- 
pacitor Connected to Pin 12 


+ 20 

€ + u> 



100k 1M 10M 100M 1G 

FREQUENCY - Hz 


Figure 24. Response of the Circuit of Figure 23 with 
Clead ~ 10 pF 


A General Purpose Voltage Follower Circuit 

Noninverting (voltage follower) circuits pose an additional com- 
plication, in that when a lag network is used, the source imped- 
ance will affect the noise gain. In addition, the slightly greater 
bandwidth of the noninverting configuration makes any excess 
phase shift due to the output stage more of a problem. 

For example, a gain of 3 noninverting circuit with C L ead con ' 
nected normally (across the feedback resistor — Figure 25) will 
require a source resistance of 200 fl or greater to prevent UHF 
oscillation; the extra source resistance provides some damping as 
well as increasing the noise gain. The frequency response plot of 
Figure 26 shows that the highest -3 dB frequency of all the 
applications circuits can be achieved using this connection, un- 
fortunately, at the expense of a noise gain of 14.2. 
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Figure 25. A Gain of 3 Follower with Both Lead and Lag 
Compensation 



100k 1M 10M 100M 1G 

FREQUENCY - Hz 


Figure 26. Response of the Gain of 3 Follower Circuit 

Adding a lag capacitor (Figure 27) will greatly reduce the mid- 
band and low frequency noise gain of the circuit while sacrific- 
ing only a small amount of bandwidth as shown in Figure 28. 
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Figure 28. Response of the Gain of 3 Follower with C LEAD , 
Clag an d Rlag 


These same principles may be applied when capacitor C LEAD is 
connected to Pin 12 (Figure 29). Figure 30 shows the bandwidth 
of the gain of 3 amplifier for various values of R LAG . It can be 
seen from these response plots that a high noise gain is still 
needed to achieve a reasonably flat response (the smaller the 

R2 



Figure 29. A Gain of 3 Follower Circuit with C LEAD 
Compensation Connected to Pin 12 



10k 1M 10M 100M 1G 

FREQUENCY - Hz 


Figure 27. A Gain of 3 Follower Circuit with Both C LEAD 
and R lag Compensation 


Figure 30. Response of the Gain of 3 Follower Circuit with 
C LE ad Connected to Pin 12 
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value of R LAG , the higher the noise gain). For example, with a 
220 O R lag and a 50 fl source resistance, the noise gain will be 
12.8, because the source resistance affects the noise gain. 

Figures 31 and 32 show the small and large signal responses of 
the circuit of Figure 29. 



Figure 31. The Small-Signal Pulse Response of the Gain 
of 3 Follower Circuit with R LAG and C LEAD Compensation 
to Pin 12; Vertical Scale: 50 mV/div; Horizontal Scale: 

5 ns/div 



Clead 



4 " i 

-8V 


Figure 33. A 20 dB Gain Video Amplifier for 75 fl Systems 



FREQUENCY - Hz 


Figure 34. Response of the 20 dB Video Amplifier 


Figure 32. The Large-Signal Pulse Response of the Gain 
of 3 Follower Circuit with R LAG and C LEAD Compensation 
to Pin 12; Vertical Scale: 200 mV/div; Horizontal Scale: 

5 ns/div 


A Video Amplifier Circuit with 20 dB Gain (Terminated) 

High gain applications (14 dB and up) require only a small lead 
capacitance to obtain flat response. The 26 dB (20 dB termi- 
nated) video amplifier circuit of Figure 33 has the response 
shown in Figure 34 using only approximately 0.5-1 pF lead 
capacitance. Again, a small C LEAD can be connected, either to 
the output or to Pin 12 with very little difference in response. 


In color video applications, the quality of differential gain and 
differential phase response is very important. Figures 35 and 36 
show a circuit and test setup to measure the AD5539’s response 
to a modulated ramp signal (0-90 IRE p-p ramp, 40 IRE p-p 
modulation, 4.4 MHz). 

Figures 37 and 38 show the differential gain and phase response. 
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RAMP AMPLITUDE - IRE 


Figure 38. Differential Phase vs. Ramp Amplitude 


Figure 35. Differential Gain and Phase Measurement 
Circuit 



Figure 36. Differential Gain and Phase Test Setup 



RAMP AMPLITUDE - IRE 


Figure 37. Differential Gain vs. Ramp Amplitude 


MEASURING AD5539 SETTLING TIME 

Measuring the very rapid settling times associated with AD5539 
can be a real problem for the designer; proper component layout 
must be used and appropriate test equipment selected. In addi- 
tion, both cable dispersion (a function of cable losses) and the 
quality of termination (SWR) directly affect the measurement. 
The circuit of Figure 39 was used to make a “brute force” 
AD5539 settling time measurement. The fixture containing the 
circuit was connected directly — using a male BNC connector 
(but no cable) — onto the front of a 50 Q input oscilloscope 
preamp. A digital mainframe was then used to capture, average, 
and expand the error signal. Most of the small-scale waveform 
aberrations shown on the figure were caused by the oscilloscope 
itself, especially the glitch at 15 ns. The pulse source used for 
this measurement was an EH-SPG2000 pulse generator set for a 
1 ns rise-time; it was coupled directly to the circuit using 18" of 
microwave 50 O hard line. 



— 8V 


Figure 39. AD5539 Settling Time Test Circuit 
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GAIN 

3 dB 


R1 

R2 1 

Rlag 

C 2 

^LAG 

C 2 

'- J ’LEAD 

GAIN 

FLATNESS 

(TRIMMED) 

BANDWIDTH 

Gain = -1 to -5 
Circuit of Fig. 17 

R2 

D 

R1 

1 

3 pF 

-2 

±0.2 dB 

200 MHz 


G 

■ 

= R1 

4 R2 ~ 1 

= 2 -it (44 x 10 6 ) R^c 

G 




Gain = -1 to -5 
Circuit of Fig. 23 

R2 

B 

R1 

1 

3 pF 

-2 

±1 dB 

180 MHz 


G 

B 

= R1 

4 R2 

“ 2 it (44 x 10*) Rug 

G 




Gain = —2 to + 5 3 
Circuit of Fig. 27 

R2 

B 

R1 

1 

3 pF 

+ 3 

±1 dB 

390 MHz 


G-l 

B 

= R1 
10 R2-' 

= 2 it (44 x 10 6 ) R lag 

~ G 17 ! 




Gain = +2 to + 5 4 
Circuit of Fig. 29 

R2 

B 

Ri 

NA 

_ 3 pF 

+ 3 

±0.5 dB 

340 MHz 


G^I 

1 

= Rl 
I0 R2-‘ 


^ G-l 




Gain < -5 

R2 

1.5 k 

NA 

NA 

Trimmer 5 

-20 

±0.2 dB 

80 MHz 


g" 








Gain > + 5 

R 

1.5 k 

NA 

NA 

Trimmer 5 

+ 20 

±0.2 dB 

80 MHz 


G - 1 









NOTES 

G=Gain NA=Not Applicable 

Values given for specific results summarized here— applications can be adapted for values different than those specified. 
2 It is recommended that C LEAD and C LAG be trimmers covering a range that includes the computed value above. 
3 Rsource —200 ft. 

4 ^source —50 ft. 

5 Use Voltronics CPA2 0. 1-2.5 pF Teflon Trimmer Capacitor (or equivalent). 


The photos of Figures 40 and 41 demonstrate how the AD5539 
easily settles to 1% (1 mV) in less than 12 ns; settling to 0.1% 
(100 (iV) requires less than 25 ns. 



Figure 40. Error Signal from AD5539 Settling Time Test Figure 41. Error Signal from AD5539 Settling Time Test 

Circuit - Falling Edge. Vertical Scale: 5 ns/div.; Horizontal Circuit - Rising Edge. Vertical Scale: 5 ns/div.; Horizontal 

Scale: 500 yJV/div Scale: 500 fiV/div 
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Figure 42 shows the oscilloscope response of the generator alone, 
set up to simulate the ideal test circuit error signal (Figure 43). 



Figure 42. The Oscilloscope Response Alone Directly 
Driven by the Test Generator. Vertical Scale: 5 ns/div .; 
Horizontal Scale: 500 pV/div 



Figure 43. A Simulated Ideal Test Circuit Error Signal 


A 50 MHz VOLTAGE-CONTROLLED AMPLIFIER 

Figure 44 is a circuit for a 50 MHz voltage-controlled amplifier 
(VCA) suitable for use in high quality video-speed applications. 
This circuit uses the AD5539 as an output amplifier for the 
AD539, a high bandwidth multiplier. The outputs from the two 
signal channels of the AD539 are applied to the op amp in a 
subtracting configuration. This connection has two main advan- 
tages: first, it results in better rejection of the control voltage, 
particularly when over-driven (V x <0 or V x >3.3 V). Secondly, 
it provides a choice of either noninverting or inverting re- 
sponses, using either input V Y i or V Y2 , respectively. In this cir- 
cuit, the output of the op amp will equal: 


VoUT- 


Vx (VVi ~ Vyi) 

2V 


for V x >0 



Figure 44. A Wide Bandwidth Voltage-Controlled Amplifier 


Hence, the gain is unity at V x = +2 V. Since V x can over- 
range to +3.3 V, the maximum gain in this configuration is 
about 4.3 dB. (Note: If Pin 9 of the AD539 is grounded, rather 
than connected to the output of the 5539N, the maximum gain 
becomes 10 dB.) 

The bandwidth of this circuit is over 50 MHz at full gain, and is 
not substantially affected at lower gains. Of course, when V x is 
zero (or slightly negative, to override the residual input offset) 
there is still a small amount of capacitive feedthrough at high 
frequencies; therefore, extreme care is needed in laying out the 
PC board to minimize this effect. Also, for small values of V x , 
the combination of this feedthrough with the multiplier output 
can cause a dip in the response where they are out of phase. 
Figure 45 shows the ac response from the noninverting input, 
with the response from the inverting input, V Y2 , essentially 
identical. Test conditions: V Y1 = 0.5 V rms for values of V x 
from + 10 mV to +3.16 V; this is with a 75 Cl load on the out- 
put. The feedthrough at V x = -10 mV is also shown. 



Figure 45. AC Response of the VCA at Different Gains 
V Y = 0.5 V RMS 
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The transient response of the signal channel at V x = +2 V, 

V Y = V oux = + or - 1 V is shown in Figure 46; with the VCA 
driving a 75 Cl load. The rise and fall times are both approxi- 
mately 7 ns. 

A few final circuit details: in general, the control amplifier com- 
pensation capacitor for Pin 2, C c , must have a minimum value 
of 3000 pF (3 nF) to provide both circuit stability and maxi- 
mum control bandwidth. However, if the maximum control 
bandwidth is not needed, then it is advisable to use a larger 
value of C c , with typical values between 0.01 and 0.1 (xF. Like 
many aspects of design, the value of C c will be a tradeoff: 
higher values of C c will lower the high frequency distortion, 
reduce the high frequency crosstalk and improve the signal 
channel phase response. Conversely, lower values of C c will pro- 
vide a higher control channel bandwidth at the expense of de- 
graded linearity in the output response when amplitude 
modulating a carrier signal. 

The control channel bandwidth will vary in inverse proportion 
to the value of C c , providing a typical bandwidth of 2 MHz 
with a C c of 0.01 jxF and a V x voltage of +1.7 volts. 

Both the bandwidth and pulse response of the control channel 
can be further increased by using a feedforward capacitor, C ff , 
with a value between 5 and 20 percent of C c . C ff should be 
carefully adjusted to give the best pulse response for a particular 
step input applied to the control channel. Note that since C ff is 
connected between a linear control input (Pin 1) and a logarith- 



Figure 46. Transient Response of the Voltage-Controlled 
Amplifier V x = +2 Volts , V Y = ± 1 Volt 

mic node, the settling time of the control channel with a pulse 
input will vary with different control input step levels. 

Diode D1 clamps the logarithmic control node at Pin 2 of the 
AD539, (preventing this point from going too negative); this 
diode helps decrease the circuit recovery time when the control 
input goes below ground potential. 

THE AD539/5539 COMBINATION AS A FAST, LOW 
FEEDTHROUGH, VIDEO SWITCH 

Figure 47 shows how the AD539/5539 combination can be used 
to create a fast video speed switch suitable for many high fre- 



REV. A 


OPERATIONAL AMPLIFIERS 2-167 






AD5539 

quency applications including color key switching. It features 
both inverting and noninverting inputs and can provide an out- 
put of ±1 V into a reverse-terminated 75 ft load (or ±2 V into 
150 ft). An optional output offset adjustment is provided. The 
input range of the video switch is the same as the output range: 
±1 V at either input generates ±1 V (noninverting) or +1 V 
(inverting) across the 75 ft load. The circuit provides a gain of 
about 1, when “ON,” or zero when “OFF.” 

The differential configuration uses both channels of the AD539 
not only to provide alternative input phases, but also to elimi- 
nate the switching pedestal due to step changes in the output 
current as the AD539 is gated on or off. 

Figure 49 shows the response to a pulse of 0 to + 1 V on the 
signal channel. With the control input held at zero, the rise time 
is under 10 ns. The response from the inverting input is similar. 



The differential-gain and differential-phase characteristics of this 
switch are compatible with video applications. The incremental 
gain changes less than 0.05 dB over a signal window of 0 to 
+ 1 V, with a phase variation of less than 0.5 degree at the sub- 
carrier frequency of 3.58 MHz. The noise level of this circuit 
measured at the 75 ft load is typically 200 (xV in a 0 to 5 MHz 
bandwidth or approximately 100 nV per root hertz. The noise 
spectral density is essentially flat to 40 MHz. 

The waveforms shown in Figures 48 and 49 were taken across a 
75 ft termination; in both photos, the signal of 0 to +1 V (in 
this case, an offset sine wave at 1 MHz) was applied to the non- 
inverting input. In Figure 48, the envelope response shows the 
output being fully switched in about 50 ns. Note that the output 
is ON when the control input is zero (or more negative) and 
OFF for a control input of + 1 V or more. There is very little 
control-signal breakthrough. 
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DEVICES 


Low Noise Precision 
Operational Amplifier 

OP-27 


FEATURES 

• Low Noise 80nV p . p (0.1Hz to 10Hz) 

3nV/VTtT 

• Low Drift 0.2juV/° C 

• High Speed 2.8V/jus Slew Rate 

8MHz Gain Bandwidth 

• Low V os 10 m V 

• Excellent CMRR 126dB at V CM of ±11V 

• High Open-Loop Gain 1.8 Million 

• Fits 725, OP-07, OP-05, AD510, AD517, 5534A sockets 

• Available in Die Form 


signals. A gain-bandwidth product of 8MHz and a 2.8V/Msec 
slew rate provides excellent dynamic accuracy in high-speed 
data-acquisition systems. 

A low input bias current of ±10nA is achieved by use of a 
bias-current-cancellation circuit. Over the military temper- 
ature range, this circuit typically holds l B and l os to ±20nA 
and 15nA respectively. 

The output stage has good load driving capability. A guaran- 
teed swing of ± 10V into 6000 and low output distortion make 
the OP-27 an excellent choice for professional audio applica- 
tions. 



ORDERING INFORMATION f 




PACKAGE 



T a = +25 C 
V 0S MAX 

m 

TO-99 

CERDIP 

8-PIN 

PLASTIC 

8-PIN 

LCC 

20-CONTACT 

TEMPERATURE 

RANGE 

25 

OP27AJ* 

OP27AZ* 

- 

- 

MIL 

25 

OP27EJ 

OP27EZ 

OP27EP 

- 

IND/COM 

60 

OP27BJ* 

OP27BZ* 

- 

OP27BR/883 

MIL 

60 

OP27FJ 

OP27FZ 

OP27FP 

- 

IND/COM 

100 

OP27CJ 

OP27CZ 

- 

- 

MIL 

100 

OP27GJ 

OP27GZ 

OP27GP 

- 

XIND 

100 

- 

- 

OP27GS ft 

- 

XIND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 

number. Consult factory for 883 data sheet, 
t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages, 
ft For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


GENERAL DESCRIPTION 

The OP-27 precision operational amplifier combines the low 
offset and drift of the OP-07 with both high-speed and low- 
noise. Offsets down to 25/xV and drift of 0.6 mV/°C maximum 
make the OP-27 ideal for precision instrume ntatio n applica- 
tions. Exceptionally low noise, e n = 3.5nV/\/ Hz , at 10Hz, a 
low 1/f noise corner frequency of 2.7Hz, and high gain (1.8 
million), allow accurate high-gain amplification of low-level 

SIMPLIFIED SCHEMATIC 


PSRR and CMRR exceed 120dB. These characteristics, 
coupled with long-term drift of 0.2MV/month, allow the circuit 
designer to achieve performance levels previously attained 
only by discrete designs. 


PIN CONNECTIONS 
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Low cost, high-volume production of OP-27 is achieved by 
using an on-chip zener-zap trimming network. This reliable 
and stable offset trimming scheme has proved its effective- 
ness over many years of production history. 

The OP-27 provides excellent performance in low-noise 
high-accuracy amplification of low-level signals. Applica- 
tions include stable integrators, precision summing ampli- 
fiers, precision voltage-threshold detectors, comparators, 
and professional audio circuits such as tape-head and 
microphone preamplifiers. 

The OP-27 is a direct replacement for 725, OP-06, OP-07 and 
OP-05 amplifiers; 741 types may be directly replaced by 
removing the 741 ’s nulling potentiometer. 

ABSOLUTE MAXIMUM RATINGS (Note 4) 


Supply Voltage ±22V 

Input Voltage (Note 1) ±22V 

Output Short-Circuit Duration Indefinite 

Differential Input Voltage (Note 2) ±0.7V 

Differential Input Current (Note 2) ±25mA 

Storage Temperature Range -65°C to +1 50°C 


Operating Temperature Range 

OP-27A, OP-27B, OP-27C (J, Z, RC) -55°C to +125°C 

OP-27E, OP-27F (J, Z) -25°Cto +85°C 

OP-27E, OP-27F (P) 0°C to +70°C 

OP-27G (P, S, J, Z) -40°C to +85°C 

Lead Temperature Range (Soldering, 60 sec) 300°C 

Junction Temperature -65°C to +150°C 

PACKAGE TYPE 0 JA (Note 3) 0 JC UNITS 

TO-99 (J) 150 18 °C/W 

8-Pin Hermetic DIP (Z) 148 16 °C/W 

8-Pin Plastic DIP (P) 103 43 °C/W 

20-Contact LCC (RC) 98 38 °C/W 

8-Pin SO (S) 158 43 °C/W 

NOTES: 


1 . For supply voltages less than ±22V, the absolute maximum input voltage is 
equal to the supply voltage. 

2. The OP-27's inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential input voltage 
exceeds ±0.7V, the input current should be limited to 25mA. 

3. 0 jA is specified for worst case mounting conditions, i.e., 0 jA is specified for 
device in socket for TO, CerDIP, P-DIP, and LCC packages; 0^ A is specified 
for device soldered to printed circuit board for SO package. 

4. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 


ELECTRICAL CHARACTERISTICS at V S = ±15V, T A = 25°C, unless otherwise noted. 


PARAMETER 

SYMBOL CONDITIONS 

OP-27A/E 

MIN TYP MAX 

OP-27B/F 

MIN TYP MAX 

OP-27C/G 

MIN TYP MAX 

UNITS 

Input Offset Voltage 

v os 

(Note 1 ) 

- 

10 

25 

- 

20 

60 

- 

30 

100 

mV 

Long-Term V 0 s 
Stability 

Vos /Time (Notes 2, 3) 

- 

0.2 

1.0 

- 

0.3 

1.5 

- 

0.4 

2.0 

mV/Mo 

Input Offset Current 

•os 


- 

7 

35 

- 

9 

50 

- 

12 

75 

nA 

Input Bias Current 

•b 


- 

±10 

±40 

- 

±12 

±55 

- 

±15 

±80 

nA 



0.1Hz to 10Hz 











Input Noise Voltage 

e np-p 

(Notes 3, 5) 

• 

0.08 

0.18 

“ 

0.08 

0.18 

~ 

0.09 

0,25 

MVp-p 



f 0 = 10Hz (Note 3 1 


3.5 

5.5 

_ 

3.5 

5.5 


3.8 

8.0 


Input Noise 

e n 

f Q = 30Hz (Note 3i 

_ 

3.1 

4.5 

_ 

3.1 

4.5 

_ 

3.3 

5.6 

nV/x/Hz - 

Voltage Density 















f 0 = 1000Hz (Note 3i 

— 

3.0 

3.8 

— 

3.0 

3.8 

— 

3.2 

4.5 




f Q = 10Hz (Notes 3,6i 


1.7 

4.0 

_ 

1.7 

4.0 

_ 

1.7 



Input Noise 

Current Density 

'n 

f 0 = 30Hz (Notes 3. 61 

- 

1.0 

2.3 

- 

1.0 

2.3 

- 

1.0 

- 

pA/x/Hz” 



f 0 = 1000Hz (Notes 3. 6. 

— 

0.4 

0.6 

— 

0.4 

0.6 

— 

0.4 

0.6 


Input Resistance — 















i Note 7 1 

1.3 

6 


0.94 

5 


0.7 

4 


Mil 

Differential-Mode 













Input Resistance — 

















3 



2.5 



2 


GO 

Common-Mode 













Input Voltage Range 

IVR 


±11.0 

±12.3 

- 

±11.0 

±12.3 

- 

±11.0 

±12.3 

- 

V 

Common-Mode 














CMRR 

V CM = ±11 V 

114 

126 


106 

123 


100 

120 


dB 

Rejection Ratio 













Power Supply 














PSRR 

V S = ±4V to ± 18V 


1 

10 


1 

10 


2 

20 

nVN 

Rejection Ratio 













Large-Signal 


R L >2kfl, V o = ±10V 

1000 

1800 

- 

1000 

1800 

- 

700 

1500 

- 


Voltage Gain 

A VO 

R L > 60011, V 0 = ±10V 

800 

1500 

- 

800 

1500 

- 

600 

1500 

- 


Output Voltage 


R l > 2kll 

± 12.0 

±13.8 

- 

± 12.0 

±13.8 

- 

±11.5 

±13.5 

- 


Swing 

V 0 

r l > 60on 

± 10.0 

±11.5 

- 

± 10.0 

±11.5 

- 

± 10.0 

±11.5 

- 


Slew Rate 

SR 

R l > 2kH Note 4 

1.7 

2.8 

- 

1.7 

2.8 

- 

1.7 

2.8 

- 

y/fis 
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ELECTRICAL CHARACTERISTICS at V s = ±15V, T a = 25° C, unless otherwise noted. (Continued) 






OP-27A/E 



OP-27B/F 


OP-27C/G 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN TYP MAX 

UNITS 

Gain Bandwidth Prod. 

GBW 

(Note 4) 

5.0 

8.0 

- 

5.0 

8.0 

- 

5.0 8.0 - 

MHz 

Open-Loop Output 

Resistance 

Ro 

o 

II 

o 

o' 

II 

>° 

- 

70 

- 

- 

70 

- 

- 70 - 

11 

Power Consumption 

P d 

Vo 

- 

90 

140 

- 

90 

140 

— 100 170 

mW 

Offset Adjustment 
Range 


Rp = lOkXl 

- 

±4.0 

- 

- 

±4.0 

- 

— ±4.0 — 

mV 


NOTES: days are typically 2.5 mV — refer to typical performance curve. 

1. Input offset voltage measurements are performed - 0.5 seconds after 3. Sample tested, 

application of power. A/E grades guaranteed fully warmed-up. 4. Guaranteed by design. 

2. Long-term input offset voltage stability refers to the average trend line of 5. See test circuit and frequency response curve for 0.1 Hz to 10Hz tester. 

V os vs. Time over extended periods after the first 30 days of operation. 6. See test circuit for current noise measurement. 

Excluding the initial hour of operation, changes in V os during the first 30 7. Guaranteed by input bias current. 

ELECTRICAL CHARACTERISTICS for V s = ±15V, -55° C < T A < + 125°C, unless otherwise noted. 






OP-27A 



OP-27B 



OP-27C 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Vos 

(Note 1 ) 

- 

30 

60 

- 

50 

200 

- 

70 

300 

mV 

Average Input 

Offset Drift 

TCV 0S 

TCV 0Sn 

(Note 2) 

(Note 3) 

- 

0.2 

0.6 

- 

0.3 

1.3 

- 

0.4 

1.8 

m V/°C 

Input Offset Current 

•os 


- 

15 

50 

- 

22 

85 

- 

30 

135 

nA 

Input Bias Current 

■b 


- 

±20 

±60 

- 

±28 

±95 

- 

±35 

±150 

nA 








+ 11 R 






Input Voltage Range 

IVR 


±10.3 

— M. 5 


— lU.o 

— 11.0 


— .lU.^ 

— II .0 


* 

Common-Mode 

Rejection Ratio 

CMRR 

v CM = ±iov 

108 

122 

- 

100 

119 


94 

116 

- 

dB 

Power Supply 
Rejection Ratio 

PSRR 

V s = ±4.5V to ± 18V 

- 

2 

16 

- 

2 

20 

- 

4 

51 

M v/v 

Large-Signal 

Voltage Gain 

O 

> 

< 

R l > 2kll, V o = ±10V 

600 

1200 

- 

500 

1000 

- 

300 

800 

- 

V/mV 

Output Voltage 

Swing 

v o 

R L >2kO 

±11.5 

±13.5 


±11.0 

±13.2 

- 

±10.5 

±13.0 

- 

V 


ELECTRICAL CHARACTERISTICS at V s = ±1 5V, -25°C sT A s +85°C for OP-27J and OP-27Z, 0°C sT A s +70°C for OP-27EP, 
FP and -40°C sT A s +85°C for OP-27GP, GS, unless otherwise noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-27E 

TYP 

MAX 

MIN 

OP-27F 

TYP 

MAX 

MIN 

OP-27G 

TYP 

MAX 

UNITS 

Input Offset Voltage 

v os 


- 

20 

50 

- 

40 

140 

- 

55 

220 

mV 

Average Input 

Offset Drift 

TCV 0S 

TCV 0Sn 

(Note 2) 

(Note 3) 

- 

0.2 

0.6 

- 

0.3 

1.3 

- 

0.4 

1.8 

mV/°C 

Input Offset Current 

■os 


- 

10 

50 

- 

14 

85 

- 

20 

135 

nA 

Input Bias Current 

■b 


- 

±14 

±60 

- 

±18 

±95 

- 

±25 

±150 

nA 














Input Voltage Range 

IVR 


±10.5 

±11.8 


±10.5 

±11.8 


±10.5 

±11.8 


V 

Common-Mode 

Rejection Ratio 

CMRR 

v CM = ±iov 

110 

124 

- 

102 

121 

- 

96 

118 

- 

dB 

Power Supply 
Rejection Ratio 

PSRR 

V s = ±4.5V to ± 18V 

- 

2 

15 

- 

2 

16 

- 

2 

32 

MV/V 

Large-Signal 

Voltage Gain 

> 

< 

o 

R L > 2kn, V 0 = ± 10V 

750 

1500 

- 

700 

1300 

- 

450 

1000 

- 

V/mV 

Output Voltage 

Swing 

Vo 

R L > 2kfi 

±11.7 

±13.6 

- 

±11.4 

±13.5 

- 

±11.0 

±13.3 

- 

V 

NOTES: 





2. 

The TCV 0S 

performance is within the specifications unnulled 

or when 


1. Input offset voltage measurements are performed by automated test nulled with R P = 8kfl to 20kft. TCV 0 s is 100% tested for A/E grades, 

equipment approximately 0.5 seconds after application of power. A/E sample tested for B/C/F/G grades, 

grades guaranteed fully warmed-up. 3 - Guaranteed by design. 
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DICE CHARACTERISTICS 


1. NULL 

2. (-) INPUT 

3. (+) INPUT 

4. V- 

6. OUTPUT 

7. V+ 

8. NULL 

For additional DICE ordering information, 
DIE SIZE 0.109 x 0.055 inch, 5995 sq. mils refer to 1990/91 Data Book, Section 2. 

(2.77 X 1.40mm, 3.88 sq. mm) 



WAFER TEST LIMITS at V s = ± 15V, T A = 25° C for OP-27N, OP-27G, and OP-27GR devices; T A = 125° C for OP-27NT and 
OP-27GT devices, unless otherwise noted. 





OP-27NT 

OP-27N 

OP-27GT 

OP-27G 

OP-27GR 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Input Offset Voltage 

v os 

(Note 1 ) 

60 

35 

200 

60 

100 

mV MAX 

Input Offset Current 

•os 


50 

35 

85 

50 

75 

nA MAX 

Input Bias Current 

■b 


±60 

±40 

±95 

±55 

±80 

nA MAX 

Input Voltage Range 

IVR 


±10.3 

±11 

±10.3 

±11 

±11 

V MIN 

Common-Mode 

Rejection Ratio 

CMRR 

v cm =ivr 

108 

114 

100 

106 

100 

dB MIN 

Power Supply 

Rejection Ratio 

PSRR 

V s = ±4V to ± 18V 

- 

10 

- 

10 

20 

MV/V MAX 

Large-Signal 


R L >2kn, V o = ±10V 

600 

1000 

500 

1000 

700 

V/mV MIN 

Voltage Gain 

M VO 

R L >600n, V o = ±10V 

— 

800 

— 

800 

600 

Output Voltage Swing 

Vo 

R L >2kft 

R L > 600ft 

±11.5 

±12.0 

±10.0 

±11.0 

±12.0 

±10.0 

±11.5 

±10.0 

V MIN 

Power Consumption 

Pd 

o< 

II 

o 

- 

140 

- 

140 

170 

mW MAX 


NOTE: 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 


TYPICAL ELECTRICAL CHARACTERISTICS at V S = ±15V, T A = +25°C, unless otherwise noted. 





OP-27N 

OP-27G 

OP-27GR 


PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

TYPICAL 

TYPICAL 

UNITS 

Average Input Offset 

TCV 0S or 

Nulled or Unnulled 

0.2 

0.3 

0.4 

mV/°C 

Voltage Drift 

TCV 0Sn 

R P = 8kfi to 20kfl 

Average Input Offset 
Current Drift 

tci os 


80 

130 

180 

pA/°C 

Average Input Bias 
Current Drift 

TCI b 


100 

160 

200 

pA/°C 

Input Noise 

Voltage Density 

e n 

f 0 = 10Hz 
f 0 = 30Hz 
f 0 = 1000Hz 

3.5 

3.1 

3.0 

3.5 

3.1 

3.0 

3.8 

3.3 

3.2 

nV/v/HF 

Input Noise 

Current Density 

'n 

f 0 = 10 Hz 
f Q = 30Hz 
f 0 = 1000Hz 

1.7 

1.0 

0.4 

1.7 

1.0 

0.4 

1.7 

1.0 

0.4 

pA/\f Hz 

Input Noise Voltage 

e np-p 

0.1Hz to 10Hz 

0.08 

0.08 

0.09 

/uVp-p 

Slew Rate 

SR 

R l > 2kfl 

2.8 

2.8 

2.8 

V/ M s 

Gain Bandwidth Product 

GBW 


8 

8 

8 

MHz 


NOTE: 

1. Input offset voltage measurements are performed by automated test 
equipment approximately 0.5 seconds after application of power. 
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VOLTAGE NOISE (nV/v/fiz) 0 RMS VOLTAGE NOISE (mV) 



TYPICAL PERFORMANCE CHARACTERISTICS 


A COMPARISON OF 

0.1Hz TO 10Hz p .p NOISE TESTER VOLTAGE NOISE DENSITY OP AMP VOLTAGE 

FREQUENCY RESPONSE vs FREQUENCY NOISE SPECTRA 



0.01 0.1 1.0 10 100 1 10 100 1000 1 10 100 1000 


FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 


INPUT WIDEBAND VOLTAGE 

NOISE vs BANDWIDTH (0.1Hz TOTAL NOISE vs SOURCE VOLTAGE NOISE DENSITY 

TO FREQUENCY INDICATED) RESISTANCE vs TEMPERATURE 



100 Ik 10k 100k 100 Ik 10k -50 -25 0 25 50 75 100 125 

BANDWIDTH (Hz) SOURCE RESISTANCE (i2) TEMPERATURE (°C) 


VOLTAGE NOISE DENSITY CURRENT NOISE DENSITY SUPPLY CURRENT vs 

vs SUPPLY VOLTAGE vs FREQUENCY SUPPLY VOLTAGE 



0 10 20 30 40 10 100 Ik 10k 5 15 25 35 45 

TOTAL SUPPLY VOLTAGE (V+ - V-) (VOLTS) FREQUENCY (Hz) TOTAL SUPPLY VOLTAGE (VOLTS) 
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I 


TYPICAL PERFORMANCE CHARACTERISTICS 


OFFSET VOLTAGE DRIFT OF 
EIGHT REPRESENTATIVE UNITS 
vs TEMPERATURE 


LONG-TERM OFFSET 
VOLTAGE DRIFT OF SIX 
REPRESENTATIVE UNITS 


WARM-UP OFFSET 
VOLTAGE DRIFT 











OPEN-LOOP GAIN (V//jV) 


OP-27 


TYPICAL PERFORMANCE CHARACTERISTICS 


OPEN-LOOP VOLTAGE GAIN MAXIMUM OUTPUT SWING MAXIMUM OUTPUT VOLTAGE 

vs SUPPLY VOLTAGE vs FREQUENCY vs LOAD RESISTANCE 



TOTAL SUPPLY VOLTAGE (VOLTS) FREQUENCY (Hz) LOAD RESISTANCE (S2) 


SMALL-SIGNAL OVERSHOOT SMALL-SIGNAL TRANSIENT LARGE-SIGNAL TRANSIENT 

vs CAPACITIVE LOAD RESPONSE RESPONSE 



CAPACITIVE LOAD (pF) 


SHORT-CIRCUIT CURRENT 
vs TIME 


COMMON-MODE INPUT RANGE 
CMRR vs FREQUENCY vs SUPPLY VOLTAGE 



TIME FROM OUTPUT SHORTED TO GROUND (MINUTES) SUPPLY VOLTAGE (VOLTS) 

FREQUENCY (Hz) 
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OP-27 


TYPICAL PERFORMANCE CHARACTERISTICS 


VOLTAGE NOISE TEST CIRCUIT (O.IHz-TO-IOHz) 



LOW-FREQUENCY NOISE 








1 1 ill 










0.1Hz TO 10Hz PEAK-TO-PEAK NOISE 

NOTE: 

Observation time limited to 10 seconds. 



-120 


OPEN-LOOP VOLTAGE GAIN vs 

LOAD RESISTANCE PSRR vs FREQUENCY 



100 Ik 10k 100k 1 10 100 Ik 10k 100k 1M 10M 100M 


LOAD RESISTANCE (<>) FREQUENCY (Hz) 


APPLICATIONS INFORMATION 

OP-27 Series units may be inserted directly into 725, OP-06, 
OP-07 and OP-05 sockets with or without removal of external 
compensation or nulling components. Additionally, the OP- 
27 may be fitted to unnulled 741-type sockets; however, if 
conventional 741 nulling circuitry is in use, it should be modi- 
fied or removed to ensure correct OP-27 operation. OP-27 
offset voltage maybe nulled to zero (or other desired setting) 
using a potentiometer (see Offset Nulling Circuit). 

The OP-27 provides stable operation with load capacitances 
of up to 2000pF and ± 10V swings; larger capacitances should 
be decoupled with a 500 resistor inside the feedback loop. 
The OP-27 is unity-gain stable. 

Thermoelectric voltages generated by dissimilar metals at 
the input terminal contacts can degrade the drift perfor- 
mance. Best operation will be obtained when both input 
contacts are maintained at the same temperature. 

OFFSET VOLTAGE ADJUSTMENT 

The input offset voltage of the OP-27 is trimmed at wafer 
level. However, if further adjustment of V Q s is necessary, a 
lOkOtrim potentiometer may be used. TCV 0 sis not degraded 


(see Offset Nulling Circuit). Other potentiometer values from 
Ikn to 1 Mfl can be used with a slight degradation (0.1 to 
0.2/uV/°C) of TCVqs- Trimming to a value other than zero 
creates a drift of approximately ( Vqs/300) /uV/° C. For exam- 
ple, the change in TCVqs will be 0.33juV/° C if Vq S is adjusted 
to 100/iV. The offset-voltage adjustment range with a 10kH 
potentiometer is ±4mV. If smaller adjustment range is re- 
quired, the nulling sensitivity can be reduced by using a 
smaller pot in conjuction with fixed resistors. For example, 
the network below will have a ±280 /uV adjustment range. 



NOISE MEASUREMENTS 

To measure the 80nV peak-to-peak noise specification of the 
OP-27 in the 0.1 Hz to 10Hz range, the following precautions 
must be observed: 

( 1 ) The device has to be warmed-up for at least five minutes. 
As shown in the warm-up drift curve, the offset voltage 
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typically changes 4/uV due to increasing chip temperature 
after power-up. In the 10-second measurement interval, 
these temperature-induced effects can exceed tens-of- 
nanovolts. 

(2) For similar reasons, the device has to be well-shielded 
from air currents. Shielding minimizes thermocouple 
effects. 

(3) Sudden motion in the vicinity of the device can also “feed- 
through” to increase the observed noise. 

(4) The test time to measure 0.1 Hz-to-IOHz noise should not 
exceed 10 seconds. As shown in the noise-tester frequency- 
response curve, the 0.1Hz corner is defined by only one 
zero. The test time of 10 seconds acts as an additional 
zero to eliminate noise contributions from the frequency 
band below 0.1Hz. 

(5) A noise-voltage-density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage-density measurement will correlate well 
with a 0.1 Hz-to-IOHz peak-to-peak noise reading, since 
both results are determined by the white noise and the 
location of the 1/f corner frequency. 

UNITY-GAIN BUFFER APPLICATIONS 

When R f < 100ft and the input is driven with a fast, large signal 
pulse (> IV), the output waveform will look as shown in the 
pulsed operation diagram below. 

During the fast feedthrough-like portion of the output, the 
input protection diodes effectively short the output to the 
input and a current, limited only by the output short-circuit 
protection, will be drawn by the signal generator. With 
Rf > 500ft, the output is capable of handling the current 
requirements (l L ^ 20mA at 10V); the amplifier will stay in its 
active mode and a smooth transition will occur. 

When R f > 2kft, a pole will be created with Rf and the 
amplifier’s input capacitance (8pF) that creates additional 
phase shift and reduces phase margin. A small capacitor 
(20 to 50pF) in parallel with R f will eliminate this problem. 

PULSED OPERATION 


Rf 



COMMENTS ON NOISE 

The OP-27 is a very low-noise monolithic op amp. The out- 
standing input voltage noise characteristics of the OP-27 are 
achieved mainly by operating the input stage at a high quies- 
cent current. The input bias and offset currents, which would 
normally increase, are held to reasonable values by the input- 


bias-current cancellation circuit. The OP-27A/E has Ib and 
I os of only ±40nA and 35nA respectively at 25° C. This is 
particularly important when the input has a high source- 
resistance. In addition, many audio amplifier designers 
prefer to use direct coupling. The high Ib, Vos, TCVos of 
previous designs have made direct coupling difficult, if not 
impossible, to use. 


Voltage noise is inversely proportional to the square-root of 
bias current, but current noise is proportional to the square- 
root of bias current. The OP-27’s noise advantage disappears 
when high source-resistors are used. Figures 1, 2, and 3 
compare OP-27 observed total noise with the noise perfor- 
mance of other devices in different circuit applications. 


2 


Total noise = [(Voltage noise) 2 + (current noise x R s ) 2 + 
(resistor noise) 2 ] 172 


Figure 1 shows noise-versus-source-resistance at 1000Hz. 
The same plot applies to wideband noise. To use this plot, just 
multiply the vertical scale by the square-root of the 
bandwidth. 


NOISE vs SOURCE RESISTANCE 
(INCLUDING RESISTOR NOISE) 
AT 1000Hz. 



Figure 1 


At R s < Ikft, the OP-27’s low voltage noise is maintained. 
With R s > 1 kft, total noise increases, but is dominated by the 
resistor noise rather than current or voltage noise. It is only 
beyond R s of 20kft that current noise starts to dominate. The 
argument can be made that current noise is not important for 
applications with low-to-moderate source resistances. The 
crossover between the OP-27 and OP-07 and OP-08 noise 
occurs in the 15-to-40kft region. 

Figure 2 shows the 0.1 Hz-to-IOHz peak-to-peak noise. Here 
the picture is less favorable; resistor noise is negligible, cur- 
rent noise becomes important because it is inversely propor- 
tional to the square-root of frequency. The crossover with the 
OP-07 occurs in the 3-to-5kft range depending on whether 
balanced or unbalanced source resistors are used (at 3kft the 
Ib. lose rr or also can be three times the V 0 sspec.). 
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Therefore, for low-frequency applications, the OP-07 is bet- 
ter than the OP-27/37 when Rs> 3kft. The only exception is 
when gain error is important. Figure 3 illustrates the 10Hz 
noise. As expected, the results are between the previous two 
figures. 

For reference, typical source resistances of some signal 
sources are listed in Table 1. 


Table 1 


DEVICE 

SOURCE 

IMPEDANCE COMMENTS 

Strain gauge 

<500ft Typically used in low-frequency 

applications. 

Magnetic 

tapehead 

<1500n Low l B very important to reduce 

self-magnetization problems when 
direct coupling is used. OP-27 l B 
can be neglected. 

Magnetic 

phonograph 

cartridges 

<1500ft Similar need for low l B in direct 

coupled applications. OP-27 will not 
introduce any self-magnetization 
problem. 

Linear variable 

differential 

transformer 

<1500ft Used in rugged servo-feedback 

applications. Bandwidth of interest is 
400Hz to 5kHz. 


OPEN-LOOP GAIN 

FREQUENCY 

A _ OP-07 OP-27 OP-37 

AT: 

3Hz 

100dB 124dB 125dB 

10Hz 

lOOdB 120dB 125dB 

30Hz 

90dB IIOdB 124dB 


For further information regarding noise calculations, see 
“Minimization of Noise in Op-Amp Applications”, Application 
Note AN-15. 


AUDIO APPLICATIONS 

The following applications information has been abstracted 
from a PMI article in the 12/20/80 issue of Electronic Design 
magazine and updated. 

Figure 4 is an example of a phono pre-amplifier circuit using 
the OP-27 for Ai; R 1 -R 2 -C 1 -C 2 form a very accurate RIAA 
network with standard component values. The popular method 
to accomplish RIAA phono equalization is to employ 
frequency-dependent feedback around a high-quality gain 
block. Properly chosen, an RC network can provide the three 
necessary time constants of 3180, 318, and 75 ms. 1 

For initial equalization accuracy and stability, precision 
metal-film resistors and film capacitors of polystyrene or 
polypropylene are recommended since they have low voltage 
coefficients, dissipation factors, and dielectric absorption. 4 
(High-K ceramic capacitors should be avoided here, though 
low-K ceramics— such as NPO types, which have excellent 
dissipation factors, and somewhat lower dielectric absorption— 
can be considered for small values.) 
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The OP-2 7 brings a 3.2nV/\/ Hz voltage noise and 0.45 
pA J\f Hz current noise to this circuit. To minimize noise 
from other sources, R 3 is set to a v alue of 100 H, which 
generates a voltag e no ise of 1.3nV/\/ Hz . The noise in- 
creases the 3.2nV/V Hz of the amplifier by only 0.7dB. With 
a 1 kft source, the circuit noise measures 63dB below a 1 mV 
reference level, unweighted, in a 20kHz noise bandwidth. 

Gain (G) of the circuit at 1kHz can be calculated by the 
expression: 

G = 0.101 (1 ) 

M 3 

For the values shown, the gain is just under 100 (or 40dB). 
Lower gains can be accommodated by increasing R 3 , but 
gains higher than 40dB will show more equalization errors 
because of the 8 MHz gain-bandwidth of the OP-27. 

This circuit is capable of very low distortion over its entire 
range, generally below 0.01% at levels up to 7V rms. At 3V 
output levels, it will produce less than 0.03% total harmonic 
distortion at frequencies up to 20kHz. 

Capacitor C 3 and resistor R 4 form a simple - 6 dB-per-octave 
rumble filter, with a corner at 22Hz. As an option, the switch- 
selected shunt capacitor C 4 , a nonpolarized electrolytic, 
bypasses the low-frequency rolloff. Placing the rumble fil- 
ter’s high-pass action after the preamp has the desirable 
result of discriminating against the RIAA-amplified low- 
frequency noise components and pickup-produced low- 
frequency disturbances. 

A preamplifier for NAB tape playback is similar to an RIAA 
phono preamp, though more gain is typically demanded, 
along with equalization requiring a heavy low-frequency 
boost. The circuit in Fig. 4 can be readily modified for tape 
use, as shown by Fig. 5. 


The network values of the configuration yield a 50dB gain at 
1 kHz, and the dc gain is greater than 70dB. Thus, the worst- 
case output offset is just over 500mV. A single 0.47/uF output 
capacitor can block this level without affecting the dynamic 
range. 

The tape head can be coupled directly to the amplifier input, 
since the worst-case bias current of 80nA with a 400mH, 100 
/zin. head (such as the PRB2H7K) will not be troublesome. 

One potential tape-head problem is presented by amplifier 
bias-current transients which can magnetize a head. The 
OP-27 and OP-37 are free of bias-current transients upon 
power up or power down. However, it is always advantageous 
to control the speed of power supply rise and fall, to elimi- 
nate transients. 

In addition, the dc resistance of the head should be carefully 
controlled, and preferably below IkfL For this configura- 
tion, the bias-current-induced offset voltage can be greater 
than the 100^V maximum offset if the head resistance is not 
sufficiently controlled. 

A simple, but effective, fixed-gain transformerless micro- 
phone preamp (Fig. 6 ) amplifiesdifferential signalsfrom low- 
impedance microphones by 50dB, and has an input impe- 
dance of 2kO. Because of the high working gain of the circuit, 
an OP-37 helps to preserve bandwidth, which will be 110kHz. 
As the OP-37 is a decompensated device (minimum stable 
gain of 5), a dummy resistor, R p , may be necessary, if the 
microphone is to be unplugged. Otherwise the 100% feed- 
back from the open input may cause theamplifierto oscillate. 

Common-mode input-noise rejection will depend upon the 
match of the bridge-resistor ratios. Either close-tolerance 
( 0 . 1 %) types should be used, orR 4 should be trimmed for best 
CMRR. All resistors should be metal-film types for best sta- 
bility and low noise. 



While the tape-equalization requirement has a flat high- 
frequency gain above 3kHz (T 2 = 50/uts), the amplifier need 
not be stabilized for unity gain. The decompensated OP-37 
provides a greater bandwidth and slew rate. For many appli- 
cations, the idealized time constants shown may require 
trimming of Ri and R 2 to optimize frequency response for 
nonideal tape-head performance and other factors . 5 


Noise performance of this circuit is limited more by the input 
resistors Ri and R 2 th an by the op amp, as Ri and R 2 each 
generat e a 4 nV/\/ Hz noise, while the op amp generates a 
3.2nV/V Hz noise. The rms s um o f these predominant noise 
sources will be about 6 nV/\/ Hz , equivalent to 0.9/uV in a 
20kHz noise bandwidth, or nearly 61dB below a ImV input 
signal. Measurements confirm this predicted performance. 
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For applications demanding appreciably lower noise, a high- 
quality microphone-transformer-coupled preamp (Fig. 7) 
incorporates the internally-compensated OP-27. T-\ is a 
JE-115K-E 150n/15kn transformer which provides an opti- 
mum source resistance for the OP-27 device. The circuit has 
an overall gain of 40dB, the product of the transformer’s 
voltage setup and the op amp’s voltage gain. 


C2 



Figure 7 


Gain may be trimmed to other levels, if desired, by adjusting 
R 2 or Rv Because of the low offset voltage of the OP-27, the 
output offset of this circuit will be very low, 1 .7mV or less, for a 
40dB gain. The typical output blocking capacitor can be 


eliminated in such cases, but is desirable for higher gains to 
eliminate switching transients. 

Capacitor C 2 and resistor R 2 form a 2/j.s time constant in this 
circuit, as recommended for optimum transient response by 
the transformer manufacturer. With C 2 in use, A-i must have 
unity-gain stability. For situations where the 2/*s time con- 
stant is not necessary, C 2 can be deleted, allowing the faster 
OP-37 to be employed. 

Some comment on noise is appropriate to understand the 
capability of this circuit. A 150ft resistor and Ri and R 2 gain 
resistors connected to a noiseless amplifier will generate 220 
nV of noise in a 20kHz bandwidth, or 73dB below a ImV 
reference level. Any practical amplifier can only approach 
this noise level; it can never exceed it. With the OP-27 and T 1 
specified, the additional noise degradation will be close to 
3.6dB (or -69.5 referenced to ImV). 
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ANALOG 

DEVICES 


Low Noise Precision High Speed 
Operational Amplifier (Ay CL > 5) 

OP-37 


FEATURES 

• Low Noise 80nV p-p (0.1Hz to 10Hz) 

3nV/ N /HF at 1kHz 

• Low Drift 0.2yuV/° C 

• High Speed 17V//us Slew Rate 

63MHz Gain Bandwidth 


• Low Input Offset Voltage 10/xV 

• Excellent CMRR ... 126dB (Common-Voltage of ± 11V) 

• High Open-Loop Gain 1.8 Million 

• Replaces 725, OP-05, OP-06, OP-07, AD510, AD517, 
SE5534 in Gains >5 

• Available in Die Form 


ORDERING INFORMATION f 




PACKAGE 



V os MAX 

m 

T0-99 

CERDIP 

8-PIN 

PLASTIC 

8-PIN 

LCC 

20-CONTACT 

TEMPERATURE 

RANGE 

25 

OP37AJ* 

OP37AZ* 

- 

_ 

MIL 

25 

OP37EJ 

OP37EZ 

OP37EP 

- 

IND/COM 

60 

OP37BJ* 

OP37BZ* 

- 

OP37BRC/883 

MIL 

60 

OP37FJ 

OP37FZ 

OP37FP 

- 

IND/COM 

100 

OP37CJ* 

OP37CZ 

- 

- 

MIL 

100 

OP37GJ 

OP37GZ 

OP37GP 

- 

XIND 

100 

- 

- 

OP37GStt 

- 

XIND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet, 
t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages, 
tt For availability and burn-in information on SO package, contact your local 
sales office. 


GENERAL DESCRIPTION 

The OP-37 provides the same high performance as the OP-27, 
but the design is optimized for circuits with gains greater 
than five. This design change increases slew rate to 17V/jusec 
and gain-bandwidth product to 63MHz. 

SIMPLIFIED SCHEMATIC 


The OP-37 provides the low offset and drift of the OP-07 plus 
higher speed and lower noise. Offsets down to 25 and drift 
of 0.6/uV/°C maximum make the OP-37 ideal for precision 
instrumenta tion applications. Exceptionally low noise 
(e n = 3.5nV/\/ Hz at 10Hz), a low 1/f noise corner frequency of 
2.7Hz, and the high gain of 1 .8 million, allow accurate high-gain 
amplification of low-level signals. 

The low i nput bias current of ± 1 0n A and offset current of 7n A are 
achieved by using a bias-current-cancellation circuit. Over 
the military temperature range this typically holds leand los 
to ±20nA and 15nA respectively. 

The output stage has good load driving capability. A guaran- 
teed swing of ± 10V into 600ft and low output distortion make 
the OP-37 an excellent choice for professional audio 
applications. 


PIN CONNECTIONS 
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OP-37 

PSRR and CMRR exceed 120dB. These characteristics, 
coupled with long-term drift of 0.2/uV/month, allow the circuit 
designer to achieve performance levels previously attained 
only by discrete designs. 

Low-cost, high-volume production of the OP-37 is achieved by 
using on-chip zener-zap trimming. This reliable and stable 
offset trimming scheme has proved its effectiveness over 
many years of production history. 

The OP-37 brings low-noise instrumentation-type perfor- 
mance to such diverse applications as microphone, tape- 
head, and RIAA phono preamplifiers, high-speed signal con- 
ditioning for data acquisition systems, and wide-bandwidth 
instrumentation. 

ABSOLUTE MAXIMUM RATINGS (Note 4) 


Supply Voltage ±22V 

Internal Voltage (Note 1) ±22V 

Output Short-Circuit Duration Indefinite 

Differential Input Voltage (Note 2) ±0.7V 

Differential Input Current (Note 2) ±25mA 

Storage Temperature Range -65°C to +1 50°C 


Operating Temperature Range 

OP-37A, OP-37B, OP-37C (J, Z, RC).. -55°Cto+125°C 

OP-37E, OP-37F (J, Z) -25°C to +85°C 

OP-37E, OP-37F (P) 0°C to +70°C 

OP-37G (P, S, J, Z) -40°C to +85°C 

Lead Temperature Range (Soldering, 60 sec) 300°C 

Junction Temperature -65°Cto +150°C 

PACKAGE TYPE 0 jA (NOTE 3) 0 JC UNITS 

TO-99 (J) 150 18 °C/W 

8-Pin Hermetic DIP (Z) 148 16 °C/W 

8-Pin Plastic DIP (P) 103 43 °C/W 

20-Contact LCC (RC, TC) 98 38 °C/W 

8-Pin SO (S) 158 43 °C/W 

NOTES: 


1 . For supply voltages less than ±22V, the absolute maximum input voltage is 
equal to the supply voltage. 

2. The OP-37's inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential input voltage 
exceeds +0.7V, the input current should be limited to 25mA. 

3. 0 jA is specified for worst case mounting conditions, i.e., 0 jA is specified for 
device in socket for TO, CerDIP, P-DIP, and LCC packages; 0 jA is specified 
for device soldered to printed circuit board for SO package. 

4. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 


ELECTRICAL CHARACTERISTICS at V S = ±15V, T A = 25°C, unless otherwise noted. 





OP-37A/E 

OP-37B/F 

OP-37C/G 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

v os 

(Note 1 ) 

- 

10 

25 

- 

20 

60 

- 

30 

100 

mV 

Long-Term V os 













Stability 

V os /Time 

(Notes 2, 3) 


0.2 

1.0 


0.3 

1.5 

” 

0.4 

2.0 

mV/Mo 

Input Offset Current 

•os 


- 

7 

35 

- 

9 

50 

- 

12 

75 

nA 

Input Bias Current 

•b 


- 

±10 

±40 

- 

±12 

±55 

- 

±15 

±80 

nA 



0.1Hz to 10Hz 











Input Noise Voltage 

e np-p 

(Notes 3, 5) 


0.08 

0.18 


0.08 

0.18 


0.09 

0.25 

MVp-p 



f 0 = 10Hz (Note 3) 

_ 

3.5 

5.5 

_ 

3.5 

5.5 

_ 

3.8 

8.0 


Input Noise 

e n 

f Q — 30Hz (Note 3) 



3.1 

4.5 

_ 

3.1 

4.5 

_ 

3.3 

5.6 

nV/vTiT 

Voltage Density 















f 0 = 1000Hz (Note 3) 

— 

3.0 

3.8 

— 

3.0 

3.8 

— 

3.2 

4.5 




f 0 = 10Hz (Notes 3, 6) 


1.7 

4.0 

_ 

1.7 

4.0 


1.7 



Input Noise 

Current Density 

•n 

f 0 = 30Hz (Notes 3, 6) 

- 

1.0 

2.3 

- 

1.0 

2.3 

- 

1.0 

- 

pa/n/hT 



f 0 = 1000Hz (Notes 3, 6) 

— 

0.4 

0.6 

— 

0.4 

0.6 

— 

0.4 

0.6 


Input Resistance — 















(Note 7) 

1.3 

6 


0.94 

5 


0.7 

4 


MU 

Differential-Mode 













Input Resistance — 













Common-Mode 

r incm 


” 

3 



2.5 



2 

” 

G(1 

Input Voltage Range 

IVR 


±11.0 

±12.3 

- 

±11.0 

±12.3 

- 

±11.0 

±12.3 

- 

V 

Common-Mode 














CMRR 

V CM = ±11V 

114 

126 


106 

123 


100 

120 


dB 

Rejection Ratio 













Power Supply 














PSSR 

V s = ±4V to ±18V 


1 

10 


1 

10 


2 

20 

MV/V 

Rejection Ratio 















R L > 2k(l, V 0 = ±10V 

1000 

1800 

- 

1000 

1800 

- 

700 

1500 

- 


Large-Signal 

Ay© 

R l > IkXl, V o = ±10V 

800 

1500 

- 

800 

1500 

- 

400 

1500 

- 

V/mV 

Voltage Gain 


R L = 600n, V 0 = ±1 V, 














250 

700 


250 

700 


200 

500 





V S = ±4V, (Note 4) 











Output Voltage 


R l > 2k(l 

±12.0 

±13.8 

- 

±12.0 

±13.8 

- 

±11.5 

±13.5 

- 


Swing 

V 0 

R L > 600(1 

±10.0 

±11.5 

- 

±10.0 

±11.5 

— 

±10.0 

±11.5 

- 


Slew Rate 

SR 

R l > 2k(l (Note 4) 

11 

17 

- 

11 

17 

- 

11 

17 

- 

V/ M s 



f 0 = 10kHz (Note 4) 

45 

63 

_ 

45 

63 

_ 

45 

63 



Gain Bandwidth Prod. 

GBW 











MHz 



f 0 = 1MHz 

— 

40 

— 

— 

40 

— 

~ 

40 

— 



2-182 OPERATIONAL AMPLIFIERS 


REV. A 





OP-37 

ELECTRICAL CHARACTERISTICS at V s = 

±15V, T a = 25° C, unless otherwise noted. (Continued) 


PARAMETER 

SYMBOL CONDITIONS 

OP-37A/E 

MIN TYP MAX 

OP-37B/F 

MIN TYP MAX 

OP-37C/G 

MIN TYP MAX UNITS 

Open-Loop Output 

Resistance 

o 

ii 

_o 

o 

II 

O 

> 

o 

tr 

— 70 - 

- 70 - 

- 

70 - n 

Power Consumption 

P d v 0 = 0 

— 90 140 

— 90 140 

- 

100 170 mW 

Offset Adjustment 
Range 

R P = lOkii 

— ±4.0 — 

— ±4.0 — 

- 

±4.0 — mV 


NOTES: 

1. Input offset voltage measurements are performed by automated test 
equipment approximately 0.5 seconds after application of power. A/E 
grades guaranteed fully warmed up. 

2. Long-term input offset voltage stability refers to the average trend line of 
V 0 s vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in V os during the first 30 


days are typically 2.5 mV — refer to typical performance curve. 

3. Sample tested. 

4. Guaranteed by design. 

5. See test circuit and frequency response curve for 0.1 Hz to 10Hz tester. 

6. See test circuit for current noise measurement. 

7. Guaranteed by input bias current. 


ELECTRICAL CHARACTERISTICS for V s = ±15V, -55° C < T A < +125°C, unless otherwise noted. 






OP-37A 



OP-37B 



OP-37C 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Vos 

(Note 1 1 

- 

30 

60 

- 

50 

200 

- 

70 

300 

mV 

Average Input 

Offset Drift 

TCV 0S 

TCV 0Sn 

(Note 2) 

(Note 3) 

- 

0.2 

0.6 

- 

0.3 

1.3 

~ 

0.4 

1.8 

mV/° c 

Input Offset Current 

■os 


- 

15 

50 

- 

22 

85 

- 

30 

135 

nA 

Input Bias Current 

*B 


- 

±20 

±60 

- 

±28 

±95 

- 

±35 

±150 

nA 

Input Voltage Range 

IVR 


±10.3 

±11.5 

- 

±10.3 

±11.5 

- 

±10.2 

±11.5 

- 

V 

Common-Mode 

Rejection Ratio 

CMRR 

v CM = ±iov 

108 

122 

- 

100 

119 

- 

94 

116 

- 

dB 

Power Supply 
Rejection Ratio 

PSRR 

V s = ±4.5V to ± 18V 

- 

2 

16 

- 

2 

20 

- 

4 

51 

mV/V 

LargerSignal 

Voltage Gain 

o 

> 

< 

R L > 2kH, V 0 = ±10V 

600 

1200 


500 

1000 

- 

300 

800 

~ 

V/mV 

Output Voltage 

Swing 

V 0 

R L >2kn 

±11.5 

±13.5 

- 

±11.0 

±13.2 


±10.5 

±13.0 

- 

V 

ELECTRICAL CHARACTERISTICS ?orV s 

- ±1 5V, -25°C < T. < +85°C for OP-37EJ/FJ and OP-37EZ/FZ, 0°C < T. < +70°C for 

OP-37EP/FP and -40°C < T A < +85° for OP-37GP/GS/GJ/GZ, unless otherwise noted. 










OP-37E 



OP-37F 



OP-37G 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Vos 


- 

20 

50 

- 

40 

140 

- 

55 

220 

mV 

Average Input 

Offset Drift 

TCV 0S 

TCVosn 

(Note 2) 

(Note 3) 

- 

0.2 

0.6 

- 

0.3 

1.3 

- 

0.4 

1.8 

mV / 0 C 

Input Offset Current 

•os 


- 

10 

50 

- 

14 

85 

- 

20 

135 

nA 

Input Bias Current 

•b 


- 

±14 

±60 

- 

±18 

±95 

- 

±25 

±150 

nA 

Input Voltage Range 

IVR 


±10.5 

±11.8 

- 

±10.5 

±11.8 

- 

±10.5 

±11.8 

- 

V 

Common-Mode 

Rejection Ratio 

CMRR 

V CM = ±10V 

110 

124 

~ 

102 

121 

- 

96 

118 

- 

dB 

Power Supply 
Rejection Ratio 

PSRR 

V S = ±4.5V to ± 18V 

- 

2 

15 

- 

2 

16 

- 

2 

32 

M V/V 

Large-Signal 

Voltage Gain 

O 

> 

< 

R L > 2kH, V o = ±10V 

750 

1500 

- 

700 

1300 

- 

450 

1000 

- 

V/mV 

Output Voltage 

Swing 

Vo 

R L >2kO 

±11.7 

±13.6 

- 

±11.4 

±13.5 

- 

±11.0 

±13.3 

- 

V 


NOTES: 2. The TCV 0S performance is within the specifications unnulled or when 

1. Input offset voltage measurements are performed by automated test nulled withRp=8kfHo20kfi.TCV O s*s100%testedforA/Egrades, sample 

equipment approximately 0.5 seconds after application of power. A/E tested for B/C/F/G grades, 

grades guaranteed fully warmed up. 3. Guaranteed by design. 
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OP-37 


DICE CHARACTERISTICS 


1. NULL 

2. (-) INPUT 

3. (+) INPUT 

4. V- 

6. OUTPUT 

7. V+ 

8. NULL 


WAFER TEST LIMITS at V s = 

i 

±15V, T a = 25° C for OP-37N, OP-37G and OP-37GR devices; T A = 125° C for OP-37NT and 

OP-37GT devices, unless otherwise noted. 










OP-37NT 

OP-37N 

OP-37GT 

OP-37G 

OP-37GR 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Input Offset Voltage 

Vos 

(Note 1 ) 

60 

35 

200 

60 

100 

tiM MAX 

Input Offset Current 

'os 


50 

35 

85 

50 

75 

nA MAX 

Input Bias Current 

•b 


±60 

±40 

±95 

±55 

±80 

nA MAX 

Input Voltage Range 

IVR 


±10.3 

±11 

±10.3 

±11 

±11 

V MIN 

Common-Mode 
Rejection Ratio 

CMRR 

V CM = ±11V 

108 

114 

100 

106 

100 

dB MIN 

Power Supply 

PSRR 

T a = 25° C, V s = ±4V to ± 18V 

10 

10 

10 

10 

20 

nMN MAX 

Rejection Ratio 

T a = 125° C, V s = ±4.5V to ±18V 

16 

- 

20 

- 

— 

Large-Signal 

A vo 

R L > 2kft, V 0 = ± 10V 

600 

1000 

500 

1000 

700 

V/mV MIN 

Voltage Gain 

R L >1kft, V o = ±10V 

— 

800 

— 

800 

— 

Output Voltage Swing 

Vo 

R L >2kft 

R L >600n 

±11.5 

±12.0 

±10.0 

±11.0 

±12.0 

±10.0 

±11.5 

±10.0 

V MIN 

Power Consumption 

Pd 

v 0 =o 

- 

140 

- 

140 

170 

mW MAX 


NOTES: 

For 25° C characteristics of OP-37NT and OP-37GT devices, see OP-37N and 
OP-37G characteristics, respectively. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot asembly and testing. 


TYPICAL ELECTRICAL CHARACTERISTICS at V s = ±15V, T A = +25° C, unless otherwise noted. 





OP-37NT 

OP-37N 

OP-37GT 

OP-37G 

OP-37GR 


PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

TYPICAL 

TYPICAL 

TYPICAL 

TYPICAL 

UNITS 

Average Input Offset 
Voltage Drift 

TCVqs or 
TCV OSn 

Nulled or Unnulled 

R P = 8kn to 20kH 

0.2 

0.2 

0.3 

0.3 

0.4 

A v/°C 

Average Input Offset 
Current Drift 

tci os 


80 

80 

130 

130 

180 

pA/°C 

Average Input Bias 

Current Drift 

TCI b 


100 

100 

160 

160 

200 

pA/°C 

Input Noise 

Voltage Density 

e n 

f 0 = 10Hz 
f 0 = 30 Hz 
f 0 = 1000Hz 

3.5 

3.1 

3.0 

3.5 

3.1 

3.0 

3.5 

3.1 

3.0 

3.5 

3.1 

3.0 

3.8 

3.3 

3.2 

nV/x/Hz - 

Input Noise 

Current Density 

i n 

f 0 = 10Hz 
f O = 30Hz 
f Q = 1000Hz 

1.7 

1.0 

0.4 

1.7 

1.0 

0.4 

1.7 

1.0 

0.4 

1.7 

1.0 

0.4 

1.7 

1.0 

0.4 

pA/x/Hz" 

Input Noise Voltage 

e np-p 

0.1Hz to 10Hz 

0.08 

0.08 

0.08 

0.08 

0.09 

^Vp.p 

Slew Rate 

SR 

R L >2kn 

17 

17 

17 

17 

17 

V//us 

Gain Bandwidth Product 

GBW 

f 0 = 10kHz 

63 

63 

63 

63 

63 

MHz 


NOTE: 

1. Input offset voltage measurements are performed by automated test 
equipment approximately 0.5 seconds after application of power. 
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VOLTAGE NOISE (nVA/FTz) p RMS^ VOLTAGE NOISE (mV) 



TYPICAL PERFORMANCE CHARACTERISTICS 


NOISE-TESTER FREQUENCY VOLTAGE NOISE DENSITY 

RESPONSE (0.1 Hz TO 10Hz) vs FREQUENCY 



A COMPARISON OF 
OP AMP VOLTAGE 
NOISE SPECTRA 



j I RANGE, TO DC [ TO 20kHz ||| 

1 10 100 1000 
FREQUENCY (Hz) 


INPUT WIDEBAND VOLTAGE 
NOISE vs BANDWIDTH (0.1Hz 
TO FREQUENCY INDICATED) 



100 Ik 10k 100k 

BANDWIDTH (Hz) 


TOTAL NOISE vs SOURCE 
RESISTANCE 



100 Ik 10k 


SOURCE RESISTANCE (fi) 


VOLTAGE NOISE DENSITY 
vs TEMPERATURE 



-50 - 25 0 25 50 75 100 125 

TEMPERATURE (°C) 


VOLTAGE NOISE DENSITY CURRENT NOISE DENSITY SUPPLY CURRENT vs 

vs SUPPLY VOLTAGE vs FREQUENCY SUPPLY VOLTAGE 



TOTAL SUPPLY VOLTAGE (V+ - V-) (VOLTS) FREQUENCY (Hz) TOTAL SUPPLY VOLTAGE (VOLTS) 
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ABSOLUTE CHANGE IN INPUT OFFSET VOLTAGE UiV) 


OP-37 


TYPICAL PERFORMANCE CHARACTERISTICS 


OFFSET VOLTAGE DRIFT OF 
EIGHT REPRESENTATIVE 
UNITS vs TEMPERATURE 



-75 -50 -25 0 25 50 75 100 125 150 175 


TEMPERATURE (°C| 


LONG-TERM OFFSET 
VOLTAGE DRIFT OF SIX 
REPRESENTATIVE UNITS 



TIME (MONTHS) 


WARM-UP OFFSET 
VOLTAGE DRIFT 



OFFSET VOLTAGE CHANGE 



-20 0 20 40 60 80 100 

TIME (SEC) 


INPUT BIAS CURRENT 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


INPUT OFFSET CURRENT 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


OPEN-LOOP GAIN vs 



1 10 10 2 10 3 10 4 10 5 10 6 10 7 10 8 
FREQUENCY (Hz) 


SLEW RATE, GAIN BANDWIDTH 
PRODUCT, PHASE MARGIN vs 
TEMPERATURE 



GAIN, PHASE SHIFT vs 
FREQUENCY 



FREQUENCY (Hz) 
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PHASE SHIFT (DEG) 







OPEN-LOOP GAIN (V/pV) 



TYPICAL PERFORMANCE CHARACTERISTICS 


OPEN-LOOP VOLTAGE GAIN 
vs SUPPLY VOLTAGE 



0 10 20 30 40 50 

TOTAL SUPPLY VOLTAGE (VOLTS) 


MAXIMUM OUTPUT SWING 
vs FREQUENCY 


MAXIMUM OUTPUT VOLTAGE 
vs LOAD RESISTANCE 



LOAD RESISTANCE (S2) 


SMALL-SIGNAL OVERSHOOT 
vs CAPACITIVE LOAD 

Vs=±15V [ 

V|N = 20mV 

Av = +5 (1kf2, 25012) 


500 1000 1500 2000 

CAPACITIVE LOAD (pF) 


LARGE-SIGNAL TRANSIENT 
RESPONSE 


A V = +5(1kft,250ft) 
T a = +25° C 



SMALL-SIGNAL TRANSIENT 
RESPONSE 



Ay = +5 ( 1 kf2, 250J2) 
T a = +25°C 


SHORT-CIRCUIT CURRENT 

vs TIME CMRR vs FREQUENCY 



TIME FROM OUTPUT SHORTED TO GROUND (MINUTES) FREQUENCY (Hz) 


COMMON-MODE INPUT RANGE 
vs SUPPLY VOLTAGE 


16 

12 



-12 

-16 


0 ±5 ±10 ±15 ±20 

SUPPLY VOLTAGE (VOLTS) 
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OP-37 

TYPICAL PERFORMANCE CHARACTERISTICS 


NOISE TEST CIRCUIT (0.1Hz TO 10Hz ) 


0.1„F 



NON POLARIZED CAPACITORS ONLY. 


LOW-FREQUENCY NOISE 



0.1Hz TO 10Hz PEAK-TO-PEAK NOISE 


NOTE: 

Observation time limited to 10 seconds. 


OPEN-LOOP VOLTAGE GAIN 



LOAD RESISTANCE (J2) 



1 10 100 Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 



15 I 1 ' I I Hill I I M I HU I I I II 1 1,11 

100 Ik 10k 100k 

LOAD RESISTANCE (ft) 


SLEW RATE 



SUPPLY VOLTAGE (VOLTS) 


APPLICATIONS INFORMATION 

OP-37 Series units may be inserted directly into 725, OP-06, 
OP-07, and OP-05 sockets with or without removal of external 
compensation or nulling components. Additionally, the OP- 
37 may be fitted to unnulled 741-type sockets; however, if 
conventional 741 nulling circuitry is in use, it should be modi- 
fied or removed to ensure correct OP-37 operation. OP-37 
offset voltage may be nulled to zero (or other desired setting ) 
using a potentiometer (see offset nulling circuit). 

The OP-37 provides stable operation with load capacitances 
of up to lOOOpF and ± 10V swings; larger capacitances should 
be decoupled with a 50n resistor inside the feedback loop. 
Closed-loop gain must be at least five. For closed-loop gain 
between five to ten, the designer should consider both the 
OP-27 and the OP-37. For gains above ten, the OP-37 has a 
clear advantage over the unity-gain-stable OP-27. 

Thermoelectric voltages generated by dissimilar metals at 
the input terminal contacts can degrade the drift perfor- 
mance. Best operation will be obtained when both input 
contacts are maintained at the same temperature. 


OFFSET NULLING CIRCUIT 



OFFSET VOLTAGE ADJUSTMENT 

The input offset voltage of the OP-37 is trimmed at wafer 
level. However, if further adjustment of V Q s is necessary, a 
10kO trim potentiometer may be used. TCV 0 sis not degraded 
(see offset nulling circuit). Other potentiometer values from 
IkH to 1MH can be used with a slight degradation (0.1 to 
0.2/uV/° C) of TCVqs- Trimming to a value other than zero 
creates a drift of approximately (Vqs/300) juV/° C. For exam- 
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pie, the change in TCVoswill be 0.33/uV/° C if V 0 s»s adjusted 
to 100/tiV. The offset-voltage adjustment range with a 10kH 
potentiometer is ±4mV. If smaller adjustment range is re- 
quired, the nulling sensitivity can be reduced by using a 
smaller pot in conjunction with fixed resistors. For example, 
the network below will have a ±280^V adjustment range. 


1 4.7kS> 

1k< » POT 

4.7k<> 

8 


T. 



BURN-IN CIRCUIT 



^ + 18V 



2 







^ 6 



3 

. > 

/ ° 


J 

r 

i -18V 



NOISE MEASUREMENTS 

To measure the 80nV peak-to-peak noise specification of the 
OP-37 in the 0.1 Hz to 10Hz range, the following precautions 
must be observed: 

(1 ) The device has to be warmed-up for at least five minutes. 
As shown in the warm-up drift curve, the offset voltage 
typically changes 4^V due to increasing chip tempera- 
ture after power-up. In the 10 second measurement inter- 
val, these temperature-induced effects can exceed tens- 
of- nanovolts. 

(2) For similar reasons, the device has to be well-shielded 
from air currents. Shielding minimizes thermocouple 
effects. 

(3) Sudden motion in the vicinity of the device can also “feed- 
through” to increase the observed noise. 

(4) The test time to measure 0.1 Hz-to-IOHz noise should not 
exceed 10 seconds. As shown in the noise-tester fre- 
quency response curve, the 0.1Hz corner is defined by 
only one zero. The test time of 10 seconds acts as an 
additional zero to eliminate noise contributions from the 
frequency band below 0.1Hz. 

(5) A noise-voltage-density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage-density measurement will correlate well 
with a 0.1 Hz-to-IOHz peak-to-peak noise reading, since 
both results are determined by the white noise and the 
location of the 1/f corner frequency. 

OPTIMIZING LINEARITY 

Best linearity will be obtained by designing for the minimum 
output current required for the application. High gain and 
excellent linearity can be achieved by operating the op amp 
with a peak output current of less than ± 10mA. 


INSTRUMENTATION AMPLIFIER 

A three-op-amp instrumentation amplifier provides high gain 
and wid e ban dwidth. The input noise of the circuit below is 
4.9nV/\/ Hz . The gain of the input stage is set at 25 and the 
gain of the second stage is 40; overall gain is 1000. The 
amplifier bandwidth of 800kHz is extraordinarily good for a 
precision instrumentation amplifier. Set to a gain of 1000, this 
yields a gain-bandwidth product of 800MHz. The full-power 
bandwidth for a 20Vp_ p output is 250kHz. Potentiometer R7 
provides quadrature trimming to optimize the instrumenta- 
tion amplifier’s AC common-mode rejection. 




COMMENTS ON NOISE 

The OP-37 is a very low-noise monolithic op amp. The out- 
standing input voltage noise characteristics of the OP-37 are 
achieved mainly by operating the input stage at a high quies- 
cent current. The input bias and offset currents, which would 
normally increase, are held to reasonable values by the input- 
bias-current cancellation circuit. The OP-37 A/E has leand 
I os of only ±40nA and 35nA respectively at 25° C. This is 
particularly important when the input has a high source- 
resistance. In addition, many audio amplifier designers 


REV. A 


OPERATIONAL AMPLIFIERS 2-189 






OP-37 


Figure 1 


NOISE vs SOURCE RESISTANCE 
(INCLUDING RESISTOR NOISE) 
AT 1000Hz 



RS ~ SOURCE RESISTANCE (ft) 


Figure 3 


10Hz NOISE vs 
SOURCE RESISTANCE 
(INCLUDES RESISTOR NOISE) 



1 




prefer to use direct coupling. The high l B , TCV 0 s of previous 
designs have made direct coupling difficult, if not impossible, 
to use. 

Voltage noise is inversely proportional to the square-root of 
bias current, but current noise is proportional to the square- 
root of biascurrent. The OP-37’s noise advantage disappears 
when high source-resistors are used. Figures 1, 2, and 3 
compare OP-37 observed total noise with the noise perfor- 
mance of other devices in different circuit applications. 

Total noise = [(Voltage noise) 2 + (current noise X R s ) 2 + 
(resistor noise 2 ] 1/2 

Figure 1 shows noise-versus-source-resistance at 1000Hz. 
The same plot applies to wideband noise. To use this plot, 
just multiply the vertical scale by the square-root of the 
bandwidth. 

At Rs<1 kO, the OP-37’s low voltage noise is maintained. With 
Rs< 1 kft, total noise increases, but is dominated by the resis- 
tor noise rather than current or voltage noise. It is only 


beyond Rs of 20kH that current noise starts to dominate. The 
argument can be made that current noise is not important for 
applications with low-to-moderate source resistances. The 
crossover between the OP-37 and OP-07 and OP-08 noise 
occurs in the 15-to-40kfl region. 

Figure 2 shows the O.IHz-to-IOHz peak-to-peak noise. Here 
the picture is less favorable; resistor noise is negligible, cur- 
rent noise becomes important because it is inversely propor- 
tional to the square-root of frequency. The crossover with the 
OP-07 occurs in the 3-to 5kn range depending on whether 
balanced or unbalanced source resistors are used (at 3kft the 
l B , I os error also can be three times the Vos spec.). 

Therefore, for low-frequency applications, the OP-07 is bet- 
ter than the OP-27/37 when R B > 3kfl. The only exception is 
when gain error is important. Figure 3 illustrates the 10Hz 
noise. As expected, the results are between the previous two 
figures. 

For reference, typical source resistances of some signal 
sources are listed in Table 1. 


Table 1 


DEVICE 

SOURCE 

IMPEDANCE 

COMMENTS 

Strain gauge 

< 500ft 

Typically used in low-frequency 
applications. 

Magnetic 

tapehead 

< 1500ft 

Low l B very important to reduce 
self-magnetization problems when 
direct coupling is used. OP-37 l B 
can be neglected. 

Magnetic 

phonograph 

cartridges 

< 1500ft 

Similar need for low l B in direct 
coupled applications. OP-37 will not 
introduce any self-magnetization 
problem. 

Linear variable 

differential 

transformer 

< 1500ft 

Used in rugged servo-feedback 
applications. Bandwidth of interest 
is 400Hz to 5kHz. 
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AUDIO APPLICATIONS 


The following applications information has been abstracted 
from a PMI article in the 12/20/80 issue of Electronic Design 
magazine and updated. 


C4 (2) 



= 98.677 (39.9 dB) AS SHOWN 


Figure 4 is an example of a phono pre-amplifier circuit using 
the OP-27 for A-i; R 1 -R 2 -C 1 -C2 form a very accurate RIAA 
network with standard component values. The popular method 
to accomplish RIAA phono equalization is to employ 
frequency-dependent feedback around a high-quality gain 
block. Properly chosen, an RC network can provide the three 
necessary time constants of 3180, 318, and 75/us. 1 

For initial equalization accuracy and stability, precision 
metal-film resistors and film capacitors of polystyrene or 
polypropylene are recommended since they have low voltage 
coefficients, dissipation factors, and dielectric absorption. 4 
(High-K ceramic capacitors should be avoided here, though 
low-K ceramics— such as NPO types, which have excellent 
dissipation factors, and somewhat lower dielectric absorption 
— can be considered for small values or where space is at 
a premium.) 

The OP-2 7 brings a 3.2nV/V Hz voltage noise and 0.45 
pA/\/ Hz current noise to this circuit. To minimize noise 
from other sources, R 3 is set to a v alue of 1000, which 
generates a voltag e no ise of 1.3nV/\/ Hz . The noise in- 
creases the 3.2nV/\/ Hz of the amplifier by only 0.7dB. With 
a IkO source, the circuit noise measures 63dB below a ImV 
reference level, unweighted, in a 20kHz noise bandwidth. 

Gain (G) of the circuit at 1kHz can be calculated by the 
expression: 


G = 0.101 (1 + — ) 

r 3 

For the values shown, the gain is just under 100 (or 40dB). 
Lower gains can be accommodated by increasing R 3 , but 
gains higher than 40dB will show more equalization errors 
because of the 8MHz gain-bandwidth of the OP-27. 


OP-37 


This circuit is capable of very low distortion over its entire 
range, generally below 0.01% at levels up to 7V rms. At 3V 
output levels, it will produce less than 0.03% total harmonic 
distortion at frequencies up to 20kHz. 

Capacitor C 3 and resistor R4 form a simple -6dB-per-octave 
rumble filter, with a corner at 22Hz. As an option, the switch- 
selected shunt capacitor C4, a nonpolarized electrolytic, 
bypasses the low-frequency rolloff. Placing the rumble fil- 
ter’s high-pass action after the preamp has the desirable 
result of discriminating against the RIAA-amplified low- 
frequency noise components and pickup-produced low- 
frequency disturbances. 

A preamplifier for NAB tape playback is similar to an RIAA 
phono preamp, though more gain is typically demanded, 
along with equalization requiring a heavy low-frequency 
boost. The circuit in Fig. 4 can be readily modified for tape 
use, as shown by Fig. 5. 



While the tape-equalization requirement has a flat high- 
frequency gain above 3kHz (T 2 = 50jus), the amplifier need 
not be stabilized for unity gain. The decompensated OP-37 
provides a greater bandwidth and slew rate. For many appli- 
cations, the idealized time constants shown may require 
trimming of Ri and R 2 to optimize frequency response for 
nonideal tape-head performance and other factors. 5 

The network values of the configuration yield a 50dB gain at 
1kHz, and the dc gain is greater than 70dB. Thus, the worst- 
case output offset is just over 500m V. A single 0.47/zF output 
capacitor can block this level without affecting the dynamic 
range. 

The tape head can be coupled directly to the amplifier input, 
since the worst-case bias current of 85nA with a 400mH, 100 
Min. head (such as the PRB2H7K) will not be troublesome. 

One potential tape-head problem is presented by amplifier 
bias-current transients which can magnetize a head. The 
OP-27 and OP-37 are free of bias-current transients upon 
power up or power down. However, it is always advantageous 
to control the speed of power supply rise and fall, to elimi- 
nate transients. 

In addition, the dc resistance of the head should be carefully 
controlled, and preferably below IkH. For this configura- 
tion, the bias-current-induced offset voltage can be greater 
than the 170juV maximum offset if the head resistance is not 
sufficiently controlled. 
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A simple, but effective, fixed-gain transformerless micro- 
phone preamp (Fig. 6) amplifies differential signals from low- 
impedance microphones by 50dB, and has an input impe- 
dance of 2k ft. Because of the high working gain of the circuit, 
an OP-37 helps to preserve bandwidth, which will be 110kHz. 
As the OP-37 is a decompensated device (minimum stable 
gain of 5), a dummy resistor, R p , may be necessary, if the 
microphone is to be unplugged. Otherwise the 100% feed- 
back from the open input may cause the amplifier to oscillate. 



Common-mode input-noise rejection will depend upon the 
match of the bridge-resistor ratios. Either close-tolerance 
(0.1%) types should be used, or R 4 should be trimmed for best 
CMRR. All resistors should be metal-film types for best sta- 
bility and low noise. 

Noise performance of this circuit is limited more by the input 
resistors Ri and R 2 th an by the op amp, as Ri and R 2 each 
generat e a 4 nV/V Hz noise, while the op amp generates a 
3.2nV/\/ Hz noise. The rms s um o f these predominant noise 
sources will be about 6nV/\/ Hz , equivalent to 0.9/uV in a 
20kHz noise bandwidth, or nearly 61 dB below a ImV input 
signal. Measurements confirm this predicted performance. 

For applications demanding appreciably lower noise, a high- 
quality microphone-transformer-coupled preamp (Fig. 7) 
incorporates the internally compensated OP-27. T-) is a 
JE-115K-E 150n/15kn transformer which provides an opti- 
mum source resistance for the OP-27 device. The circuit has 
an overall gain of 40dB, the product of the transformer’s 
voltage setup and the op amp’s voltage gain. 

Gain may be trimmed to other levels, if desired, by adjusting 
R 2 or Rf. Because of the low offset voltage of the OP-27, the 
output offset of this circuit will be very low, 1 .7m V or less, for a 


C2 



Figure 7 


40dB gain. The typical output blocking capacitor can be 
eliminated in such cases, but is desirable for higher gains to 
eliminate switching transients. 

Capacitor C 2 and resistor R 2 form a 2/xs time constant in this 
circuit, as recommended for optimum transient response by 
the transformer manufacturer. With C 2 in use, A-| must have 
unity-gain stability. For situations where the 2/us time con- 
stant is not necessary, C 2 can be deleted, allowing the faster 
OP-37 to be employed. 

Some comment on noise is appropriate to understand the 
capability of this circuit. A 1500 resistor and R-i and R 2 gain 
resistors connected to a noiseless amplifier will generate 220 
nV of noise in a 20kHz bandwidth, or 73dB below a ImV 
reference level. Any practical amplifier can only approach 
this noise level; it can never exceed it. With the OP-27 and T-\ 
specified, the additional noise degradation will be close to 
3.6dB (or -69.5 referenced to ImV). 
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□ ANALOG 
DEVICES 


Wide-Bandwidth 
Precision Operational Amplifier (Ay > 10) 


OP-61 


FEATURES 

• High Gain-Bandwidth Product 200MHz Typ 

• Low Voltage Noise 3.4nV/7Hz @ 1 kHz 

• High Speed 45V/ns Typ 

• Fast Settling Time (0.01 %) 330ns Typ 

• High Gain 475V/mV Typ 

• Low Offset Voltage lOOpiVTyp 


APPLICATIONS 

• Low Noise Preamplifier 

* Wideband Signal Conditioning 

• Pulse/RF Amplifiers 

* Wideband Instrumentation Amplifiers 

• Active Filters 

* Fast Summing Amplifiers 

GENERAL DESCRIPTION 

The OP-61 is a wide-bandwidth, precision operational amplifier 
designed to meet the requirements of fast, precision instrumen- 
tation systems. The OP-61 ‘s combination of DC accuracy with 
high bandwidth, fast slew rate and low noise, makes it unique 
among high-speed amplifiers. It is ideal for wideband systems 
requiring high signal-to-noise ratio, such as fast 12-16 bit data 
acquisition systems. The OP-61 maintains less than ZvN/VHz 
of input referred spot voltage noise over its closed-loop band- 
width. 

The OP-61 offers noise and gain performance similar to that of 
the industry standard OP-27/37 amplifiers, but maintains a 


much larger gain-bandwith product of 200MHz. With slew rate 
exceeding 45V/jxs, and settling time for 1 2 bits (0.01 %) typically 
330ns, the OP-61 has excellent dynamic accuracy. 

The OP-61 is an excellent upgrade for circuits using slower op 
amps such as the HA-51 1 1 , and the HA-5147. The OP-61 can 
also be used as a high-speed alternative to the HA-5101 , HA- 
5127, HA-5137, OP-27, and OP-37 amplifiers, where closed- 
loop gains are greater than 1 0. 


PIN CONNECTIONS 



-J 

O 3 O O O 






/ r l2JLilLiJl?°IM S 





N.C. 

3 D- 

N.C. 

V os NULL \T 

• 

T\ N.C. 

-IN 

3 E 

V+ 

-IN jjT 


~7~1 V+ 

N.C. 

T\ IjI 

N.C. 

+IN |_3_ 


TJ OUT 

+IN 

I] n 

OUT 

V- |T 


3 v os null 

N.C. 

3 E 

N.C. 







EPOXY MINI-DIP 


N.C. 

V- 

N.C. 

ULL 

N.C. 


(P-Suffix) 


z 


8-PIN CERDIP (Z-Sufflx) 


OP-61 ARC/883 

8-PIN SO (S-Suffix) 

20-CONTACT LCC 





(RC-Suffix) 
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ORDERING INFORMATION f 



PACKAGE 


OPERATING 

CERDIP 

8-PIN 

PLASTIC 

8-PIN 

LCC 

20-CONTACT 

TEMPERATURE 

RANGE 

OP61AZ* 

- 

OP61 ARC/883* 

MIL 

OP61FZ 

OP61GP 

- 

XIND 

- 

OP61GS 

- 

XIND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet, 
t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, and plastic DIP packages. 


ABSOLUTE MAXIMUM RATINGS (Note 2) 


Supply Voltage ±1 8V 

Differential Input Voltage ±5.0V 

Input Voltage Supply Voltage 

Output Short-Circuit Duration Continuous 


Storage Temperature Range 

P, RC, S, Z Package -65°C to +150°C 

Lead Temperature Range (Soldering, 60 sec) 300°C 

Junction Temperature (Tj) 150°C 

Operating Temperature Range 

All A Grades -55°C to +125°C 

F & G Grades -40°C to +85°C 

PACKAGE TYPE Oja (Note 1) © jC UNIT 

8-Pin Hermetic DIP (Z) 148 16 °C/W 

8-Pin Plastic DIP (P) 103 43 °C/W 

20-Contact LCC (RC) 98 38 °C/W 

8-Pin SO (S) 158 43 °C/W 

NOTES: 


1 . ©jA is specified for worst case mounting conditions, i.e., 0jA is specified for 
device in socket for CerDIP, P-DIP, and LCC packages; ©jA is specified for 
device soldered to printed circuit board for SOpackage. 

2. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 


ELECTRICAL CHARACTERISTICS at Vs = ±15V, T A = 25°C, unless otherwise noted. 

OP-61 A OP-61 F OP-61 G 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Vos 


- 

100 

500 

- 

150 

750 

- 

200 

1000 

pV 

Input Offset Current 

tas 

v CM = ov 

- 

30 

150 

- 

40 

200 

- 

40 

200 

nA 

Input Bias Current 

•b 

V C M = 0V 

- 

130 

500 

- 

200 

600 

- 

200 

600 

nA 

Input Noise 

e n 

fo = 1000Hz 


3.4 



3.4 



3.4 


nV/vTlz 

Voltage Density 











Input Noise 

Current Density 

in 

X 

o 

o 

- 

1.7 

- 

- 

1.7 

- 

- 

1.7 

- 

pA/-/Hz 

Input Voltage Range 

IVR 

(Note 1) 

±11.0 

- 

- 

±11.0 

- 

- 

±11.0 

- 

- 

V 

Common-Mode 













Rejection 

CMR 

> 

+i 

n ! 
2 

O 

> 

100 

108 

— 

94 

100 

~ 

94 

100 

— 

dB 

Power Supply 

Rejection Ratio 

PSRR 

V S = ±5V to ±18V 

- 

1.2 

4.0 

- 

2.0 

5.6 

- 

2.0 

5.6 

pV/V 

Large-Signal 

Voltage Gain 


R l = 1 0kQ 

225 

475 

_ 

175 

425 

_ 

175 

425 

_ 


Avo 

R L = 2kQ 

200 

400 

- 

150 

350 

- 

150 

350 

- 

V/mV 


R l = IkQ 

150 

340 

- 

120 

300 

- 

120 

300 

- 


Output Voltage 

v 0 

R l = 1k£2 

±12.0 

±13.2 

- 

±12.0 

±13.2 

- 

±12.0 

±13.2 

- 

y 

Swing 

R l = 500Q 

±11.0 

±12.8 

- 

±11.0 

±12.8 

- 

±11.0 

±12.8 

- 


Slew Rate 

SR 

R L =1kQ 

C L = 50pF 

40 

45 

- 

35 

45 

- 

35 

45 

- 

V/ps 

Gain Bandwidth Prod. 

GBWP 

f 0 = 1 MHz 

- 

200 

- 

- 

200 

- 

- 

200 

- 

MHz 

SettlingTime 

ts 

A v = -10, 10V Step, 0.01% 

- 

300 

- 

- 

330 

- 

- 

330 

- 

ns 

Supply Current 

ISY 

No Load 

- 

6.1 

7.5 

- 

6.1 

7.5 

- 

6.1 

7.5 

mA 


NOTES: 

1 . Guaranteed by CMR test. 
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ELECTRICAL CHARACTERISTICS at V 

s = ±15V, -55°CsT a 

s +125°C, unless otherwise noted. 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-61 A 

TYP 

MAX 

UNITS 

Input Offset Voltage 

v os 


- 

200 

1000 

nV 

Average Input 

Offset Drift 

TCV os 


- 

1.0 

5.0 

pV/°C 

Input Offset Current 

'os 

V CM = 0V 

- 

70 

400 

nA 

Input Bias Current 

•b 

V CM = 0V 

- 

180 

800 

nA 

Input Voltage Range 

IVR 

(Note 1) 

±11V 

- 

- 

V 

Common-Mode 









CMR 

V niJ = ±11V 

94 

104 


dB 


Rejection 


CM 





Power Supply 

PSRR 

V c =±5V to ±18V 


2.0 

5.6 

pV/V 


Rejection Ratio 


s 








r l = iokn 

175 

400 



Large-Signal 

Voltaae Gain 

A vo 

R l = 2kfi 

150 

340 

- 

V/mV 




R l = IkQ 

120 

260 

- 


Output Voltage 

v 

R L *1kO 

±11.0 

±13.0 

- 

v 


Swing 

v o 

R l = 500Q 

±10.0 

±12.7 

- 


Supply Current 

•by 

No Load 

- 

6.5 

8.0 

mA 


ELECTRICAL CHARACTERISTICS at V Q = ±1 5V, -40°C <; T A <; +85°C. 

S ’ A 






OP-61 F 



OP-61 G 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

v os 


- 

300 

1250 

- 

400 

1500 

nV 

Average Input 

Offset Drift 

TCV os 


- 

3.0 

7.0 

- 

3.0 

7.0 

pV/°C 

Input Offset Current 

'os 

V CM = 0V 

- 

125 

500 

- 

125 

500 

nA 

Input Bias Current 

l B 

V CM = 0V 

- 

250 

900 

- 

250 

900 

nA 

Input Voltage Range 

IVR 

(Note 1) 

±11V 

- 

- 

±11V 

- 

- 

V 

Common-Mode 

CMR 






96 


dB 

V^ kl = ±11V 

88 

96 


88 


Rejection 

CM 






Power Supply 

PSRR 

V c = ±5V to ±1 8V 


4.0 

10.0 


4.0 

10.0 

nv/v 

Rejection Ratio 


s 







Large-Signal 

Voltage Gain 


R, = 10kfi 

150 

350 


150 

350 

_ 


A vo 

L 

R l = 2kfi 

120 

300 

- 

120 

300 

- 

V/mV 


R L = 1kS2 

100 

240 

- 

100 

240 

“ 


Output Voltage 


R L = 1kfl 

±11.0 

±13.0 

- 

±11.0 

±13.0 

- 

v 

Swing 

v o 

r l = soon 

±10.0 

±12.7 

- 

±10.0 

±12.7 

- 


Supply Current 

'SY 

No Load 

- 

6.4 

8.0 

- 

6.4 

8.0 

mA 


NOTES: 

1 . Guaranteed by CMR test. 
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DICE CHARACTERISTICS 



WAFER TEST LIMITS at V s = ±1 5V, T A = 25°C. 





OP-61 GBC 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

Input Offset Voltage 

Vos 


750 

pV MAX 

Input Offset Current 

•os 


200 

nA MAX 

Input Bias Current 

>B 


600 

nAMAX 

Input Voltage Range 

IVR 


±11.0 

V MIN 

Common-Mode 





CMR' 

V C M = ±11V 

94 

dB MIN 

Rejection 




Power Supply 





PSRR 

V s = ±5V to ±18V 

5.6 

pV/V MAX 

Rejection Ratio 





R L = 10kQ 

175 


Large-Signal 

Avo 

R L = 2kO 

150 

V/mVMIN 

Voltage Gain 

R L = IkQ 

120 




R L = 1 kfli 

±12.0 


Output Voltage Swing 

Vo 

R L = 500Q 

±11.0 

V MIN 



R L = IktJ 



Slew Rate 

SR 

C L = 50pF 

35 

V/ps MIN 

Supply Current 

IsY 

No Load 

7.5 

mA MAX 

NOTE: 


Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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VOLTAGE NOISE DENSITY (nV/v^RF) 


OP-61 


TYPICAL PERFORMANCE CHARACTERISTICS 


GAIN-BANDWIDTH PRODUCT, . AIM 

OPEN-LOOP GAIN, PHASE MARGIN CLOSED-LOOP GAIN 

PHASE vs FREQUENCY vs TEMPERATURE vs FREQUENCY 



FREQUENCY (Hz) TEMPERATURE (*C) FREQUENCY (Hz) 


VOLTAGE NOISE DENSITY 
vs FREQUENCY 



10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


SLEW RATE vs 
TEMPERATURE 



TEMPERATURE (*C) 


WIDEBAND PEAK-TO-PEAK 
VOLTAGE NOISE 



BANDWIDTH: 1kHz TO 100kHz 
T a = +25*C 
V s =±15V 


COMMON-MODE REJECTION 
vs FREQUENCY 



Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


CURRENT NOISE DENSITY 
vs FREQUENCY 



—«— m m 


10 100 Ik 10k 

FREQUENCY (Hz) 


POWER SUPPLY REJECTION 
vs FREQUENCY 



FREQUENCY (Hz) 
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SUPPLY CURRENT <mA) „ OUTPUT SWING <V„) 


OP-61 

TYPICAL PERFORMANCE CHARACTERISTICS Continued 


MAXIMUM OUTPUT SWING 



10k 100k 1M 10M 


FREQUENCY (Hz) 


CLOSED-LOOP OUTPUT 
IMPEDANCE vs FREQUENCY 


T 

V 

r 

; 

m 

+2. 

±1 

nr" 

•c 

»v 






r 































t 

l 

t 

k VCl 

k VCl 

k VCl 

1 — LL 

. = 1000 
.= 100- 
= 10- 
Illui i 

*N 






1 

II 

■ 


I 

5 

Ini 

1 

1 

iiiS 

1 

jjli 


Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


TYPICAL DISTRIBUTION OF 



-1.0 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1.0 

INPUT OFFSET VOLTAGE (mV) 


TYPICAL DISTRIBUTION 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

TCV os (l»V/*C) 


INPUT BIAS CURRENT 



-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE (*C) 


INPUT OFFSET CURRENT 



TEMPERATURE (*C) 


SUPPLY CURRENT 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (*C) 


COMMON-MODE REJECTION 



-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE <*C) 


POWER SUPPLY REJECTION 



-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE (*C) 
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OPEN-LOOP GAIN (V/mV) OPEN-LOOP GAIN (V/mV) 


TYPICAL PERFORMANCE CHARACTERISTICS Continued 


OP-61 


OPEN-LOOP GAIN 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (*C) 


OUTPUT VOLTAGE SWING 



0 *5 ±10 ±15 ±20 

SUPPLY VOLTAGE 


SUPPLY CURRENT 



0 ±5 ±10 ±15 ±20 


SUPPLY VOLTAGE (VOLTS) 


OPEN-LOOP GAIN 



0 ±5 ±10 ±15 ±20 


SHORT CIRCUIT 
OUTPUT CURRENT 
vs JUNCTION TEMPERATURE 



OPEN-LOOP GAIN 



100 Ik 10k 100k 


SUPPLY VOLTAGE (VOLTS) 


JUNCTION TEMPERATURE (»C) 


LOAD RESISTANCE (O) 


MAXIMUM OUTPUT VOLTAGE 



100 Ik 10k 


LOAD RESISTANCE (Q) 


BURN-IN CIRCUIT 


+18V 
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OP-61 

SIMPLIFIED SCHEMATIC 


null null 



APPLICATIONS INFORMATION 

The OP-61 combines high speed with a level of precision and noise 
performance normally only found with slower amplifiers. Data 
acquisition and instrumentation technology has progressed to 
where dynamic accuracy and high resolution are both maintained 
to a very high level. The OP-61 was specifically designed to meet 
the stringent requirements of these systems. 

Signal-to-noise ratio degrades as input referred noise or band- 
width increases. The OP-61 has a very wide bandwidth, but its 
input noise is only 3nV/^Hz. This makes the total noise gener- 
ated over its closed-loop bandwidth considerably less than 
previously available wideband operational amplifiers. 

The OP-61 provides stable operation in closed-loop gain con- 
figurations of 10 or more. Large load capacitances should be 
decoupled with a resistor placed inside the feedback loop (see 
Driving Large Capacitive Loads). 

OFFSET VOLTAGE ADJUSTMENT 

Offset voltage can be adjusted by a potentiometer of 1 0kQ to 
100kn resistance. This potentiometer should be connected be- 
tween pins 1 and 5 with the wiper connected directly to the OP-6 1 
V+ pin (see Figure 1). By connecting this line directly to the op 
amp V+ terminal, common impedance paths shared by both 
return currents and the null inputs will be avoided. Nulling inputs 


to any op amp are simply another set of sensitive differentially 
balanced inputs. Therefore, care must always be exercised in 
laying out signal paths by not placing the trimmer, or the nulling 
input lines, directly adjacent to high frequency signal lines. 



FIGURE 1 : Input Offset Voltage Nulling 
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FIGURE 2: Trimming OP-61 Voltage Offset with 0 to 10V Voltage Output, PM-7226 Quad D/A 


D/A converters can also be used for offset adjustments in sys- 
tems that are microprocessor controlled. Figure 2 illustrates a 
PM-7226 quad, 8-bit D/A, used to null the OP-61's offset volt- 
age. A stable fixed bias current is provided into pin 5 of the OP- 
61 , from R 2 , and a REF-10, +10V precision voltage reference. 
Current through R r from the D/A voltage output provides the 
programmed V QS adjustment control. Symmetric control of the 
offset adjustment is effected since equal currents are sourced 
into R 1 and R 2 when the D/A is at half scale, binary input code = 
10000000. 

With the circuit components shown in Figure 2, the maximum 
V QS adjustment range is ±500mV, referred to the input of the 
OP-61 . Incremental adjustment range is approximately 2^iV per 
bit, allowing V QS to be trimmed to ±2^iV. 



FIGURE 3: Large- and Small-Signal Response Test Circuit 
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OP-61 


TRANSIENT RESPONSE PERFORMANCE 

Figures 4 and 5, respectively, show the small-signal and large- 
signal transient response of the OP-61 driving a 20pF load from 
the circuit in Figure 3. Both waveforms are symmetric and exhibit 
only minimal overshoot. The slew rate symmetry, apparent from 
the large-signal response, decreases the DC offsets that occur 
when processing input signals that extend outside the range of 
the OP-61 's full-power bandwidth. 



FIGURE 4: Small-Signal Transient Response 



FIGURE 5: Large-Signal Transient Response 


DRIVING CAPACITIVE LOADS 

Direct capacitive loading will reduce the phase margin of any op 
amp. A pole is created by the combination of the op amp's output 
impedance and the capacitive load that induces phase lag and 
reduces stability. However, high-speed amplifiers can easily drive 
a capacitive load indirectly. This is shown in Figure 6. The OP-61 
is driving a 1 0OOpF capacitive load. Ri and Ci serve to counter- 
act the loss of phase margin by feedforwarding a small amount of 
high frequency output signal back to the amplifier's inverting input, 



FIGURE 6: OP-61 Noninverting Gain of 10 Amplifier, 
Compensated to Handle Large Capacitive Loads 


thereby preserving adequate phase margin. The resulting pulse 
response can be seen in Figure 7. Extra care may be required to 
ensure adequate decoupling by placing a 1 pF to 1 OpF capacitor 
in parallel with the existing decoupling capacitor. Adequate 
decoupling ensures a low impedance path for high frequency 
energy transferred from the decoupling capacitors through the 
amplifier's output stage to a reactive load. 



FIGURE 7: Pulse Response of Compensated X 1 0 Amplifier in 
Figure 6, V^= 100mV p . p , V 0 ut= 1V p . p , Frequency of Square 
Wave = 1MHz, C LO ad = lOOOpF! 
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OP-61 


DECOUPLING AND LAYOUT GUIDELINES 

The OP-61 op amp is a superb choice for a wide range of preci- 
sion high-speed, low noise amplifier applications. However, 
care must be exercized in both the design and layout of high- 
speed circuits in order for the specified performance to be real- 
ized. 

Although the OP-61 has excellent power supply rejection over a 
wide bandwidth, the negative supply rejection is limited at high 
frequencies since the amplifier's internal integrator is biased via 
the negative supply line. This operation is typical performance 
for all monolithic op amps, and not unique to the OP-61 . Since 
the negative supply rejection will approach zero for signals 
above the close-loop bandwidth, high-speed transients and 
wideband power supply noise, on the negative supply line, will 
result in spurious signals being directly added to the amplifier's 
output. Adequate power supply decoupling prevents this prob- 
lem. 

Generally, a 0.1 tantalum decoupling capacitor, placed in 
close proximity across the amplifier's actual power supply pin 
and ground is recommended. This will satisfy most decoupling 
requirements, especially when the circuit is built on a low imped- 
ance ground plane. When a heavy copper clad ground plane is 
not used, it becomes especially important to confine the high 
frequency output load currents confined to as small a high-fre- 
quency signal path as possible, as suggested in Figure 8. 



FIGURE 8: Proper power supply bypassing is required to obtain 
optimum performance with the OP-61. Maintain as small wide- 
band signal current path as possible. Where signal common is a 
low impedance ground plane, simply decouple 0. 1 \iF to ground 
plane near the OP-61. 


Power management of complex systems sometimes results in a 
complex L-C network that has high frequency natural reso- 
nances that cause stability problems in circuits internal to the 
system. Resistors added in series to the supply lines can lower 
the Q of the undesired resonances, preventing oscillations on 
the supply lines. Resistors of 3 to 1 0 ohms work well and serve 
to ensure the stability of the OP-61 in such systems. 

ADDITIONAL CAVEATS FOR HIGH-SPEED AMPLIFIERS IN- 
CLUDE: 

1 . Keep all leads as short as possible, using direct point-to-point 
wiring. Do not wire-wrap or use "plug-in" boards for prototyp- 
ing circuits. 

2. Op amp feedback networks should be placed in close proxim- 
ity to the amplifiers inputs. This reduces stray capacitance 
that compromises stability margins. 

3. Maintain low feedback and source resistance values. Imped- 
ance levels greater than several kilo-ohms may result in de- 
grading the amplifier's overall bandwidth and stability. 

4. The use of heavy ground planes reduces stray inductance, 
and provides a better return path for ground currents. 

5. Decoupling capacitors must have short leads and be placed 
at the amplifier's supply pins. Use low equivalent series resis- 
tance (ESR) and low inductance chip capacitors wherever 
possible. 

6. Evaluation of prototype circuits should be performed with a 
low input capacitance, XI 0 compensated oscilloscope 
probe. XI uncompensated probes introduce excessive stray 
capacitance which alters circuit characteristics by introduc- 
ing additional phase shifts. 

7. Do not directly drive either large capacitive loads or coax 
cables with high-speed amplifiers (see DRIVING COAXIAL 
CABLES). 

8. Watch out for parasitic capacitances at the +/- inputs to wide- 
band noninverting op amp circuits. Since these nodes are not 
maintained at virtual ground as in the inverting amplifier con- 
figuration, parasitics may degrade bandwidth. Wideband 
noninverting amplifiers may require the ground plane trace 
removed from local proximity to the op amp's inputs. 
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SETTLING TIME 

Settling time is the time between when the input signal begins to 
change and when the output permanently enters a prescribed 
error band. Figure 9 illustrates the artificial summing node test 
configuration, used to characterize the OP-61 settling time. The 
OP-61 is set in a gain of -10 with a 1.0V step input.The error 
bands on the output are 5mV and 0.5mV, respectively, for 0.1 % 
and 0.01% accuracy. 

The test circuit, built on a copper clad circuit board, has a FET 
input stage which maintains extremely low loading capacitance 
at the artificial sum node. Preceeding stages are complemen- 
tary emitter follower stages, providing adequate drive current for 
a 50Q oscilloscope input. The OP-97 establishes biasing for the 
input stage, and eliminates excessive offset voltage errors. 

Figure 10 illustrates the OP-61 's typical settling time of 330ns. 
Moreover, problems in settling response, such as thermal tails 
and long-term ringing are nonexistent. This performance of the 
OP-61 makes it a suberb choice for systems demanding both 
high sampling rates and high resolution. 



FIGURE 10: Settling Characteristics of the OP-61 to 0.01%. 
No Thermal Settling Tail Appears as Part of the Settling 
Response. 
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FIGURE 1 1 : Transient Output Impedance Test Fixture 



TRANSIENT OUTPUT IMPEDANCE 

Settling characteristics of operational amplifiers also includes 
an amplifier's ability to recover, i.e., settle, from a transient cur- 
rent output load condition. An example of this includes an op 
amp driving the input from a SAR type A/D converter. Although 
the comparison point of the converter is usually diode clamped, 
the input swing of plus-and-minus a diode drop still gives rise to 
a significant modulation of input current. If the closed-loop out- 
put impedance is low enough and bandwidth of the amplifier is 
sufficiently large, the output will settle before the converter 
makes a comparison decision which will prevent linearity errors 
or missing codes. 

Figure 1 1 shows a settling measurement circuit for evaluating 
recovery from an output current transient. An output disturbing 
current generator provides the transient change in output load 
current of 1 mA. As seen in Figure 1 2, the OP-61 has extremely 
fast recovery of 1 80ns, (to 0.01 %) , for a 1 mA load transient. The 
performance makes it an ideal amplifier for data acquisition 
systems. 



FI G U R E 1 2 : OP-6 1 's Extremely Fast Recovey Time from a 
1 mA Load Transient to 0.01 % 
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DRIVING COAXIAL CABLES 

The OP-61 amplifier, and a BUF-03 unity-gain buffer, make an 
excellent drive circuit for 75Q or 50Q coaxial cables. To main- 
tain optimum pulse response, and minimum reflections, op amp 
circuits driving coaxial cables should be terminated at both 
ends. Unterminated cables can appear as a resonant load to the 
amplifier, degrading stability margins. Also, since coaxial 
cables represent a significant capacitive load shunting the driv- 
ing amplifier, it is not possible to drive them directly from the op 
amp's output (RG-58 coax, typically has 33pF/foot of capaci- 
tance). 

Figure 1 3 illustrates an OP-61 noninverting, gain of 1 0, amplifier 
stage, driving a double-matched coaxial cable. Since the 
double-matching of the cable results in voltage gain loss of 6dB, 
the composite voltage gain of the entire circuit is 5, or 14dB. 



FIGURE 13: OP-61 Noninverting Amplifier Driving Coaxial 
Cable, Composite Gain = 5 from V IN to V QUT ■ Adjust C 1 for 
Desired Pulse Response. 



FIGURE 1 4: Pulse Response from Amplifier Circuit in Figure 
13, Driving 15 Ft. of RG-58 Coaxial Cable 


Resistors R 3 and R 4 serve to absorb reflections at both ends of 
the cable. The OP-61 's wide bandwidth and fast symmetric sle- 
wing, results in a very clean pulse reponse, as can be seen in 
Figure 15. The BUF-03 serves to increase the output current 
capability to 70mA peak, and the ability to drive up to a 1 pF 
capacitive load (or a longer cable). The value of C 1 may need to 
be slightly adjusted to provide an optimum value of phase lead, 
or pulse response. This capacitor serves to correct for the cur- 
rent buffers phase lag, internal to the OP-61 's feedback loop. 

NOISE MODEL AND DISCUSSION 

The OP-61 's exceptionally low voltage noise (e n = 3.0nV/Hz, 
high open-loop gain, and wide bandwidth makes it ideal for ac- 
curately amplifying wideband low-level signals. Figure 15a 
shows the OP-61 cleanly amplifying a 5mVp-p, 1 MHz sine wave, 
with inverting gain of 100. Noise or limited bandwidth prevents 
most amplifiers from achieving this performance. 


2pF 



FIGURE 1 5a: Example of Low Level Amplifier in an Inverting 
Configuration, Gain = V 0U1 A/ jN = -R 2 /R 1 = -100 



FIGURE 15b: OP-61, Gain - -100.0, Wideband Amplifier, 

V IN = 5mV p-p S '9 nal 3t 1MHZ ’ V OUT~ 500mV p-p 
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FIGURE 16: Inverting Gain Configuration Noise Model for the 
OP-61 


The inverting amplifier model, seen in Figure 1 6, can be used to 
calculate the equivalent input noise, e nj . e nj is the voltage noise, 
modeled as part of the input signal. It represents all the current 
and voltage noise sources lumped into one equivalent input 
voltage. 

Typical values for the OP-61 noise parameters are: 

e n = 3.4nV/ v^Hz @ 1 kHz 

i n = 1.7pA/^Hz@ 10kHz 

(where it is assumed that i n = i n - = i n +). 

It can be defined from the model in Figure 1 6: 

e nj = total input referred spot voltage noise (all noise 
contributions lumped into one equivalent voltage 
noise source). 

e n = spot voltage noise of OP-61 
i n = spot current noise of OP-61 
Z s = total input impedance 
Z = impedance at OP-61 + input node 
A vcl = closed-loop gain for inverting amplifier 
N.G. = 1 + |A VC J = noise gain for inverting amplifier 
i 2S = spot noise current generated by Z g . If Z g = R g> then 
i Z S = Irs = 0-129-/ (1/Rg) nV//Hi. 
e zf = spot voltage noise generated by Z f . If Z f = R f , 
then e zf = e Rf = O.^v^R^nV/A/Hz. 

Note: Equation is derived from Johnson noise relationship of 
resistor R: 

e R =v / 4kTR = ^/4kT y/R =0.129 a/R nV/vlHz. R is in ohms. 


The equivalent input voltage noise, referred to the output, can 
be found by adding all the noise sources in a sum-of-square 
fashion: 

e„ 0 2 =e n 2 (N.G.) 2 + i n 2|Z| 2 (N.G.) 2 +in2 |Z,| 2 + izs2 |Z(| 2 +ezf2 


Referred back to the amplifiers input: 



IAvclJ 


To capitalize on the low voltage performance of the OP-61 , Z, Z f 
and especially Z s must be as low impedance as possible. With 
low impedance values of Z f and Z s : 


V e n 2 (1 + [Avcl |) 2 
I Avcl I 


u en (N.G.) 
(N.G.) -1 


All noise contributions are now easily modelled as a signal 
equivalent noise voltage source, e nj (see Figure 17). 



FIGURE 1 7: Equivalent Noise Model, Where All Noise Contri- 
butions are Lumped Into e ni 


OP-61 SPICE MACROMODEL 

Figures 1 8 and 1 9 show the node and net list for a SPICE macro- 
model of the OP-61 . The model is a simplified version of the 
actual device and simulates important DC parameters such as 
V os , l os , l B . Av 0 , CMR, V 0 and l sy . AC parameters such as slew 
rate, gain and phase reponse and CMR change with frequency 
are also simulated by the model. 

The model uses typical parameters for the OP-61 . The poles 
and zeros in the model were determined from the actual open 
and closed-loop gain and phase reponse of the OP-61. In this 
way the model presents an accurate AC representation of the 
actual device. The model assumes an ambient temperature of 
25°C (see following pages). 
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OP-61 MACROMODEL AND TEST CIRCUIT ©adiiqqo 
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rl 1 16 

99 

1E6 



rl 2 16 

50 

1E6 

‘OUTPUT STAGE 


rl 3 16 

17 

1E6 

* 



rl 4 16 

18 

1E6 

r34 32 

99 

20.0E3 

c5 17 

99 

19.89E-15 

r35 32 

50 

20.0E3 

c6 18 

50 

19.89E-15 

r36 33 

99 

30 

g5 99 

16 

13 32 IE-6 

r37 33 

50 

30 

g6 16 

50 

32 13 IE-6 

17 33 

38 

1.65E-7 

* 



g21 36 

50 

31 33 33.3333333E-3 

* ZERO-POLE PAIR AT 85MHz / 300MHz 

g22 37 

50 

33 31 33.3333333E-3 




g23 33 

99 

99 31 33.3333333E-3 

rl 7 19 

20 

1E6 

g24 50 

33 

31 50 33.3333333E-3 

rl 8 19 

21 

1E6 

v6 34 

33 

.2 

rl 9 20 

99 

2.529E6 

v7 33 

35 

.2 

r20 21 

50 

2.529E6 

d5 31 

34 

dx 

13 20 

99 

1.342E-3 

d6 35 

31 

dx 

14 21 

50 

1.342E-3 

d7 99 

36 

dx 

g7 99 

19 

16 32 IE-6 

d8 99 

37 

dx 

g8 19 

50 

32 16 IE-6 

d9 50 

36 

dy 

* 



dIO 50 

37 

dy 

‘POLE AT 40MHz 


* 



* 



* MODELS USED 


r21 22 

99 

1E6 

* 



r22 22 

50 

1E6 

•model c 

]x NPN(BF=1250) 

c7 22 

99 

3.979E-15 

•model 

lx D(IS=1 E-15) 

c8 22 

50 

3.979E-15 

•model dv D(IS=1E-15 BV = 50) 

g9 99 

22 

19 32 IE-6 




glO 22 

50 

32 19 IE-6 





FIGURE 19: OP-61 SPICE Net List 


* PSpice is a registered trademark of MicroSim Corporation. 
** HSPICE is a tradename of Meta-Software, Inc. 


REV. A 


OPERATIONAL AMPLIFIERS 2-209 



2-210 OPERATIONAL AMPLIFIERS 



ANALOG 

DEVICES 


High-Speed, Wide-Bandwidth 
Operational Amplifier (Ay CL > 5) 

OP-64 


FEATURES 

• High Slew Rate 130V/psMin 

• Fast Settling Time (+10V, 0.1%) 100ns Typ 

• Gain-Bandwidth Product (A VCL = +5) 80MHz Typ 

• Low Supply Current 8mA Max 

• Low Noise 8nV/VHz Typ 

• Low Offset Voltage 1 mV Max 

• High Output Current ±80mA Typ 

• Eliminates External Buffer 

• Standard 8-Pin Packages 

• Available in Die Form 


ORDERING INFORMATION * 


T A = + 25°C 

v os MAX 

(mV) 


PACKAGE 


OPERATING 

TEMPERATURE 

RANGE 

TO-99 

8-PIN 

HERMETIC 

DIP 

8-PIN 

PLASTIC 

8-PIN 

HERMETIC 

LCC 

20-CONTACT 

1.0 

OP64AJ* 

OP64AZ* 

_ 

OP64ARC/883 

MIL 

1.0 

OP64EJ 

OP64EZ 

- 

- 

XIND 

2.0 

OP64FJ 

OP64FZ 

- 

- 

XIND 

2.5 

- 

- 

OP64GP 

- 

XIND 

2.5 

- 

- 

OP64GS n 

- 

XIND 


XIND = Extended Industrial Temperature Range, -40°C to +85°C 
* For devices processed in total compliance to MIL-SDT-883, add /883 after part 
number. Consult factory for 883 data sheet, 
t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-99 can packages, 
tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


GENERAL DESCRIPTION 

The OP-64 is a high-performance monolithic operational ampli- 
fier that combines high speed and wide bandwidth with low power 
consumption. Advanced processing techniques have en- 

Continued 


PIN CONNECTIONS 


NULL [T 

- ,n ce — r 

♦in \T -L 


T] DISABLE 

T] V+ 

T] OUT 
7] null 


✓BBEBErs 

N-C. 7] |j8 N.C. 

-in T] [TT v+ 

n.c. 7] [T? N.C. 

♦IN TJ [T? OUT 

N.c. T] QT N.c. 


20-LEAD HERMETIC LCC 
(RC-Suffix) 


EPOXY MINI-DIP 
(P-Suffix) 

8-PIN CERDIP 
(Z-Suffix) 

EPOXY SO 
(S-Suffix) 


DISABLE 



TO-99 

(J-Suffix) 


SIMPLIFIED SCHEMATIC 
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OP-64 

GENERAL DESCRIPTION Continued 

enabled PMI to make the OP-64 superior in cost and perform- 
ance to many dielectrically-isolated and hybrid op amps. 

Slew rate of the OP-64 is over 1 30V/ps. It is stable in gains of >5 
and has a settling time of only 100ns to 0.1% with a 10V step 
input. However, unlike other high-speed op amps which have 
high supply requirements, the OP-64 needs less than 8mA of 
supply current. This enables the OP-64 to be packaged in space 
saving 8-pin packages. The OP-64 can deliver ±80mA of output 
current eliminating the need for a separate buffer amplifier in 
many applications. Noise of the OP-64 is only 8nVVHz, reduc- 
ing system noise in wideband applications. In addition to its dy- 
namic performance, the OP-64 adds DC precision with an input 
offset voltage of under 1 mV. 

The OP-64 is an ideal choice for RF, video and pulse amplifier 
applications and in new designs can replace the HA-51 90/95 or 
EL-2190/95 with improved performance and reduced power 
consumption. Its high output current also suits the OP-64 for use 
in A/D or cable driver applications. The OP-64 includes a DIS- 
ABLE pin which, when set low, shuts the amplifier off and re- 
duces the supply current to 0.75mA. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage ±1 8V 

Input Voltage Supply Voltage 

Differential Input Voltage 20V 


DISABLE Input Voltage Supply Voltage 

Output Short-Circuit Duration 10 sec 

Storage Temperature Range 

(J.Z, RC) -65°C to +175°C 

(P, S) -65°C to +150°C 

Operating Temperature Range 

OP-64 A (J, Z, RC) -55°C to +125°C 

OP-64E, F (J, Z) -40°C to +85°C 

OP-64G (P, S) -40°C to +85°C 

Maximum Junction Temperature 

OP-64 A (J ,Z, RC) +175°C 

OP-64E, F (J, Z) +175°C 

OP-64G (P, S) +150°C 

Lead Temperature (Soldering, 60 sec) +300°C 


PACKAGE TYPE 0 JA (Note 2) 0 jC UNITS 


TQ-99 (J) 150 18 °C/W 

8-Pin Hermetic DIP (Z) 148 16 °C/W 

8-Pin Plastic DIP (P) 103 43 °C/W 

20-Contact LCC (RC, TC) 98 38 °C/W 

8-Pin SO (S) 158 43 °C/W 

NOTES: 


1 . Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2. 0 jA is specified for worst case mounting conditions, i.e., 0 jA is specified for 
device in socket for TO, CerDIP, P-DIP, and LCC packages; 0 jA is specified 
for device soldered to printed circuit board for SO package. 


ELECTRICAL CHARACTERISTICS at V s = ±15V, T a = +25°C, unless otherwise noted. 





OP-64 A/E 



OP-64F 



OP-64G 



PARAMETER 

SYMBOL CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Offset 

Voltage 

v os 

- 

0.4 

1 

- 

0.8 

2 

- 

1.2 

2.5 

mV 

Input Bias 

Current 

'b V CM = 0V 

- 

0.2 

1 

- 

0.4 

2 

- 

0.8 

2.5 

pA 

Input Offset 
Current 

'os V CM = 0V 

- 

0.1 

1 

- 

0.3 

2 

- 

0.6 

2.5 

HA 

Input Voltage 
Range 

IVR (Note 1 ) 

±11 

- 

- 

±11 

- 

- 

±11 

- 

" 

V 

Common-Mode 

Rejection 

CMR V CM = ±11V 

90 

100 

- 

84 

94 

- 

84 

94 

- 

dB 

Power-Supply 
Rejection Ratio 

PSRR V s = ±5V to ±18V 

- 

5 

17.8 

- 

15 

31.6 

- 

15 

31.6 

pV/V 

Large-Signal 

R L = 2kQ, V Q =±10V 

30 

45 

- 

20 

35 

- 

20 

35 

- 

V/mV 

Voltage Gain 

VO R l = 2000, V Q = ±5V 

12.5 

18 

- 

10 

16 

- 

10 

16 

- 

Output Voltage 

R l = 2kQ 

±11 

±12.5 

- 

±11 

±12.5 

- 

±11 

±12.5 

- 

y 

Swing 

O R l = 200Q 

±10 

±11.7 

- 

±10 

±11.7 

- 

±10 

±11.7 

- 


Output 

Current 

'out 

- 

±80 

- 

- 

±80 

- 

- 

±80 

- 

mA 

Supply 

Current 

I sy No Load 

- 

6.2 

8 

- 

6.2 

8 

- 

6.2 

8 

mA 


NOTE: 

1 . Guaranteed by CMR test. 
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ELECTRICAL CHARACTERISTICS at V s 

= ±15V,T a 

= +25°C, unless otherwise noted. 









OP-64A/E 


OP-64F 


OP-64G 




PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP MAX 

MIN 

TYP MAX 

MIN 

TYP 

MAX i 

UNITS 

Disable Supply 


DISABLE = OV 


0.75 1 


0.75 1 


0.75 


mA 

Current 

'sY DIS 

Total for both supplies 




1 













DISABLE 

Current 

'ms 

DISABLE = OV 

- 

0.5 

- 

0.5 

- 

0.5 

- 

mA 

Slew Rate 

SR 

R l = 2kQ 

130 

170 

130 

170 

130 

170 

- 

V/ps 

Full-Power 

Bandwidth 

BW p 

(Note 2) 

2 

2.7 

2 

2.7 

2 

2.7 

- 

MHz 

Gain-Bandwidth 

Product 

GBWP 

A v = +5 

- 

80 

- 

80 

- 

80 

- 

MHz 

Settling Time 

l s 

10V Step 0.1% 

- 

100 

- 

100 

- 

100 

- 

ns 

Phase Margin 

0 m 

A v = +5 

- 

57 

- 

57 

- 

57 

- degrees 

Input 

Capacitance 

C IN 


- 

5 

- 

5 

- 

5 

- 

pF 

Open-Loop 












Output 

R 0 


- 

30 

- 

30 

- 

30 



Q 


Resistance 


Voltage 

Noise 

Density 

e n 

f o = 10Hz 
f o = 100Hz 
f 0 = 1 kHz 
f o = 10kHz 

- 

30 

10 

8 

8 

- 

- 

30 

10 

8 

8 

- 

- 

30 

10 

8 

8 

nV/VHz 

Current Noise 
Density 

'n 

f o = 10kHz 

- 

7.5 

- 

- 

7.5 

- 

- 

7.5 

- pA/VHz 

External V QS 












Trim Range 

R pot = 20kQ 



4 



4 



4 

mV 

Supply Voltage 
Range 

V S 


±5 

±15 

±18 

±5 

±15 

±18 

±5 

±15 

±18 V 


NOTES: 

1 . Guaranteed by CMR test. 

2. Guaranteed by slew-rate test and formula BW p = SR/(2n1 0V pEAK ). 
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OP-64 

ELECTRICAL CHARACTERISTICS at V s = ±1 5V, -40°C < T A < +85°C for OP-64E/F/G, unless otherwise noted. 






OP-64E 



OP-64F 



OP-64G 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Offset 

Voltage 

v os 


- 

0.5 

1.5 

- 

1.0 

3 

- 

1.5 

3.5 

mV 

Input Bias 

Current 

*B 

V CM = 0V 

- 

0.3 

2.5 

- 

0.5 

3 

- 

1.5 

3.5 

MA 

Input Offset 
Current 

'os 

V CM = 0V 

- 

0.2 

2.5 

- 

0.5 

3 

- 

1.0 

3.5 

ma 

Input Voltage 
Range 

IVR 

(Note 1) 

±11 

- 

- 

±11 

- 

- 

±11 

- 

- 

V 

Common-Mode 

Rejection 

CMR 

V CM = ±11 

86 

100 

- 

80 

94 

- 

80 

94 

- 

dB 

Power-Supply 
Rejection Ratio 

PSRR 

V S =±5V to ±18V 

- 

5 

31.6 

- 

15 

50 

- 

15 

50 

pV/V 

Large-Signal 

A 

R L = 2kQ, V Q =±10V 

20 

40 

- 

15 

35 

- 

15 

35 

- 

V/mV 

Voltage Gain 

rt vo 

R l = 2000, V Q = ±5V 

7.5 

12 

- 

5 

10 

- 

5 

10 

“ 

Output Voltage 

v 

R l = 2kO 

±11 

±12.3 

- 

±11 

±12.3 

- 

±11 

±12.3 

- 

v 

Swing 

v o 

R l = 2000 

±10 

±11.5 

- 

±10 

±11.5 

- 

±10 

±11.5 

- 


Supply 

Current 

'sY 

No Load 

- 

6.3 

8.5 

- 

6.3 

8.5 

- 

6.3 

8.5 

mA 

NOTE: 













1 . Guaranteed by CMR test. 












ELECTRICAL CHARACTERISTICS at V s 

= ±15V, - 

55°C < T a 

< +125°C for OP-64A, unless otherwise noted. 










OP-64A 






PARAMETER 

SYMBOL 

CONDITIONS 




MIN 

TYP 

MAX 




UNITS 

Offset 







0.4 





mV 

Voltage 

v os 










Input Bias 

Current 

'b 

V CM = 0V 




- 

0.35 

2 




pA 

Input Offset 
Current 

'os 

V CM = ° V 




- 

0.3 

2 




pA 

Input Voltage 
Range 

IVR 

(Note 1 ) 




±11 

- 

- 




V 

Common-Mode 

Rejection 

CMR 

< 

o 

2 

II 

1+ 




86 

100 

- 




dB 

Power-Supply 
Rejection Ratio 

PSRR 

V S = ±5V to ±1 8V 




- 

8 

31.6 




pV/V 

Large-Signal 

A 

R L = 2kO, V Q =±10V 




20 

30 

- 




V/mV 

Voltage Gain 

M VO 

R l = 2000, V Q = ±5V 




7.5 

10 

- 




Output Voltage 

v 

R l = 2kO 




±11 

±12 

- 




y 

Swing 

v o 

R l = 2000 




±7.5 

±10 

- 





Supply 

Current 

*SY 

No Load 




- 

6.4 

8.5 




mA 


NOTE: 

1. Guaranteed by CM R test. 
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DICE CHARACTERISTICS 



DIE SIZE 0.086 x 0.065 inch, 5,590 sq. mils 
(2.1 8 x 1 .65 mm, 3.60 sq. mm) 


1. NULL 

2. -IN 

3. +IN 

4. V- 

5. NULL 

6. OUT 

7. V+ 

8. DISABLE 



WAFER TEST LIMITS at = ±15V, T. = +25°C. unless otherwise noted. 





OP-64GBC 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

Offset Voltage 

v os 


2.5 

mV MAX 

Input Bias Current 

*B 

V CM = 0V 

2.5 

pA MAX 

Input Offset Current 

’os 

V CM = 0V 

2.5 

pA MAX 

Input Voltage Range 

IVR 

(Note 1) 

+11 

V MIN 

Common-Mode Rejection 

CMR 

V CM = ±11V 

84 

dB MIN 

Power Supply 





PSRR 

V s = ±5V to ±1 8V 

31.6 

pV/V MAX 

Rejection Ratio 




Large-Signal 

A 

R L = 2kQ, V o = ±10V 

20 

V/mV MIN 

Voltage Gain 

VO 

R l = 2000, V Q = ±5V 

10 

Output Voltage 

v~ 

R l = 2kQ 

±11 

V MIN 

Swing 

0 

R l = 200Q 

±10 

Slew Rate SR 

R l = 2kQ 


120 

V/psMIN 

Supply Current 

'SY 

No Load 

8 

mA MAX 


NOTES: 

1. Guaranteed by CM R test. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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OPEN-LOOP GAIN (dB) SLEW RATE (v/(is) (NpuT 0 pp SET VOLTAGE (mV) 


OP-64 


TYPICAL PERFORMANCE CHARACTERISTICS 


INPUT OFFSET VOLTAGE 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


1 

| 

cc 

DC 

5 

2 

5 

i- 


INPUT BIAS CURRENT 



-75 -50 -25 0 25 50 75 100 125 


INPUT OFFSET CURRENT 
vs TEMPERATURE 








— 

V CM ~ 

— 

15V 

OV 


L 








\ 

\ 











‘ 


— 


-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


SLEW RATE vs 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


SETTLING TIME 



0 25 50 75 100 125 

SETTLING TIME (ns) 


GAIN-BANDWIDTH PRODUCT, PHASE 
MARGIN vs TEMPERATURE 


140 

120 

100 

80 

60 

40 

20 

-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (»C) 



OPEN-LOOP GAIN, 



Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


SMALL SIGNAL OVERSHOOT 



CAPACITIVE LOAD (pF) 


CLOSED-LOOP OUTPUT 
IMPEDANCE vs FREQUENCY 

50 


40 


w 30 

O 

z 

Q 

| 20 


10 


0 

Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 
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OP-64 


TYPICAL PERFORMANCE CHARACTERISTICS Continued 

CLOSED-LOOP GAIN VOLTAGE NOISE DENSITY CURRENT NOISE DENSITY 

vs FREQUENCY vs FREQUENCY vs FREQUENCY 



Ik 10k 100k 1M 10M 100M 10 100 Ik 10k 10 100 Ik 10k 

FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 


SUPPLY CURRENT SUPPLY CURRENT «sv DISABLE vs 

vs TEMPERATURE vs SUPPLY VOLTAGE TEMPERATURE 



TEMPERATURE (°C) SUPPLY VOLTAGE (VOLTS) TEMPERATURE (°C) 


MAXIMUM OUTPUT VOLTAGE MAXIMUM OUTPUT VOLTAGE 

vs LOAD RESISTANCE vs LOAD RESISTANCE OPEN-LOOP GAIN 

V s = ±15V V s = ±5V vs SUPPLY VOLTAGE 



100 Ik 10k 100 Ik 10k 0 ±5 ±10 ±15 ±20 

LOAD RESISTANCE (S2) LOAD RESISTANCE (Si) SUPPLY VOLTAGE (VOLTS) 
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OP-64 

TYPICAL PERFORMANCE CHARACTERISTICS Continued 


OPEN-LOOP GAIN 



SUPPLY VOLTAGE (VOLTS) 


POWER SUPPLY REJECTION 
RATIO vs FREQUENCY 



BURN-IN CIRCUIT 


10k£2 



COMMON-MODE REJECTION 
vs FREQUENCY 


140 — 1 1 rmiii 

T a = +25°C 
120 - Vg = ±15V 



0 


_ 20 I 1 1 1. .1 - Mil I III! I i nil 111 1 1 l„,l illll 

Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


INPUT BIAS CURRENT vs 
COMMON-MODE VOLTAGE 



o.i 


0 I 1 1 I 1 1 1 1 1 I I 

-12.5-10.0-7.5 -5.0 -2.5 0 2.5 5.0 7.5 10.0 12.5 

COMMON-MODE VOLTAGE (VOLTS) 
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LARGE SIGNAL RESPONSE (V s = ±15V) 


OP-64 



SMALL SIGNAL RESPONSE (V S = ±15V) 



LARGE SIGNAL RESPONSE (V s = ±5V) 



APPLICATIONS INFORMATION 

POWER SUPPLY BYPASSING AND 
LAYOUT CONSIDERATIONS 

Proper power supply bypassing is critical in all high-frequency 
circuit applications. For stable operation of the OP-64, the 
power supplies must maintain a low impedance-to-ground over 
an extremely wide bandwidth. This is most critical when driving 
a low resistance or large capacitance, since the current required 
to drive the load comes from the power supplies. A lOpF and 
0.1 pF ceramic bypass capacitor are recommended for each 
supply, as shown in Figure 1, and will provide adequate high- 
frequency bypassing in most applications. The bypass capaci- 
tors should be placed at the supply pins of the OP-64. As with all 
high frequency amplifiers, circuit layout is a critical factor in 


LARGE AND SMALL SIGNAL RESPONSE 
TEST CIRCUIT 



obtaining optimum performance from the OP-64. Proper high 
frequency layout reduces unwanted signal coupling in the cir- 
cuit. When breadboarding a high frequency circuit, use direct 
point-to-point wiring, keeping all lead lengths as short as pos- 
sible. Do not use wire-wrap boards or "plug-in" prototyping 
boards. 

During PC board layout, keep all lead lengths and traces as 
short as possible to minimize inductance. The feedback and 
gain-setting resistors should be as close as possible to the in- 
verting input to reduce stray capacitance at that point. To further 


v+ 



FIGURE 1 : Proper power supply bypassing is required to obtain 
optimum performance with the OP-64. 


reduce stray capacitance, remove the ground plane from the 
area around the inputs of the OP-64. Elsewhere, the use of a 
solid unbroken ground plane will insure a good high-frequency 
ground. 
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v+ 



FIGURE 2: Input Offset Voltage Nulling 


OFFSET VOLTAGE ADJUSTMENT 

Offset voltage is adjusted with a 20k£2 potentiometer as shown 
in Figure 2. The potentiometer should be connected between 
pins 1 and 5 with its wiper connected to the V- supply. The typi- 
cal trim range is ±4mV. 


OP-64 DISABLE A MPLIFIER SHUTDOWN 

Pin 8 of the OP-64, DISABLE, is an amplifier shutdown control 
input. The OP-64 operates normally when Pi n 8 is left floating. 
When greater than 250pA is drawn from the DISABLE pin, the 
OP-64 is disabled. The supply current drops to 1 mA and the 
output impedance rises to 2kQ. To draw current from the DIS- 
ABLE pin, an open collector output logic gate or a discrete NPN 
transistor can be used as shown in Figure 3. An internal resistor 



FIGURE 4: DISABLE Turn-On/Turn-Off Test Circuit 


limits the DISABLE current to around 500pA if the DISABLE pin 
is grounded with the OP-64 powered by ±15V supplies. These 
logic interface methods have the added advantage of level shift- 
ing the TTL signal to whatever supply voltage is used to power 
the OP-64. 

Figure 4 shows a test circuit for measuring the turn-on and turn- 
off times for the OP-64. The OP-64 is in a gain of 5 with a +1 V DC 
input. As the input pulse to the 74LS04 rises its output falls, 



FIGURE 3: Simple circuits allow the OP-64 to be shut down. 
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OP-64 


drawing current from the DISABLE pin and disabling the ampli- 
fier. The output voltage delay is shown in Figure 5 and takes 
500|us to reach ground due to the extra current supplied to the 
amplifier by the lOpF electrolytic bypass capacitors. The turn- 
on time is much quicker than the turn-off time. In this situation as 
the input to the 74LS04 falls its output rises, returning the OP-64 
to normal operation. The amplifier's output turns on in 250ns. 



FIGURE 5: (a) OP-64 turn-on and turn-off performance, (b) 
Expanded scale showing turn-on performance of the OP-64. 


OVERDRIVE RECOVERY 

Figure 6 shows the overdrive recovery performance of the OP- 
64. Typical recovery time is 270ns from negative overdrive and 
80ns from positive overdrive. 


VIDEO AMPLIFIER/TERMINATED LINE DRIVER 

The OP-64 can be used as a video amplifier/terminated line 
driver as shown in Figure 8. With its high output current capabil- 
ity, the OP-64 eliminates the need for an external buffer. 



FIGURE 6: OP-64 Overdrive Recovery 


The 75Q cable termination resistor minimizes reflections from 
the end of the cable. The 75Q series output resistor absorbs any 
reflections caused by a mismatch between the 75Q termination 
resistor and the characteristic cable impedance. In this circuit 
the output voltage, V Q|JT , is one-half of the OP-64's output volt- 
age due to the divider formed by the 75Q terminating resistors. 
The output voltage at the end of the terminated cable, V 0(JT , 
spans -1 V to +1 V. The differential gain and phase for the video 
amplifier is summarized in Tablel . 


TABLE 1 : Differential Gain and Phase of Video Amplifier/Line 
Driver 

Differential Gain Differential Phase 

V s 3.58MHz 5MHz 3.58MHz 5MHz 

±15 V 0.008dB 0.016dB 0.03° 0.03° 

±12V 0.008dB 0.01 8dB 0.03° 0.03° 



+15V 

9 



FIGURE 8: Video Amplifier/Terminated Line Driver 
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OP-64 



FAST TRANSIMPEDANCE AMPLIFIER 

The circuit shown in Figure 9 is a fast transimpedance amplifier 
designed to handle high speed signals from a high impedance 
source such as the output of a photomultiplier tube. The input 
current is amplified and converted to an output voltage by the 
transimpedance amplifier. 

A JFET source-follower input is used to reduce the input bias 
current of the amplifier to 100 pA and lower the input current 
noise. Transimpedance of the amplifier is: 



and for the values shown equals 

Ysm = ( 80 oa + 1 ) 400 kQ = 2V/nA 

I in \200fi I 

Figure 10 shows the output of the transimpedance amplifier 
when driven from a 1 MQ source impedance. The input signal of 
10pA p is converted into an output voltage of (lOpA) 2V/pA = 
20V p p . Output slew rate is lOOV/ps. The slew rate is limited by 
the combination of the capacitance of the JFET gate with the 
1MQ source impedance. For best performance, the stray input 
capacitance should be kept as small as possible. The OP-97 is 
used in an integrator loop to reduce the total amplifier offset 
voltage to under 25pV. 



FIGURE 1 0 : Output of the Fast Transimpedance Amplifier 


OP-64 SPICE MACRO-MODEL 

Figure 1 1 shows the node and net list for a SPICE macro-model of 
the OP-64. The model is a simplified version of the actual device and 
simulates important DC parameters such as V QS , l os , l B , A V0 ,CMR, 
V Q and l SY . AC parameters such as slew rate, gain and phase re- 
sponse and CM Ft change with frequency are also simulated by the 
model. 

The model uses typical parameters for the OP-64. The poles and 
zeros i n the model were determined from the actual open and closed- 
loop gain and phase response of the OP-64. In this way the model 
presents an accurate AC representation of the actual device. The 
model assumes an ambient temperature of 25°C (see following 
pages). 
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IJSflii 


OP-64 MACRO-MODEL ©pmi 1989 

* 




* 




*POLE AT 1 59 MHz 


• subckt OP-64 1 

2 38 99 50 

* 




* 




r23 23 

99 

1E6 


INPUT STAGE & POLE AT 39.8 MHz 

r24 23 

50 

1E6 


* 




c9 23 

99 

IE-15 


rl 

2 

3 

5E1 1 

CIO 23 

50 

IE-15 


r2 

1 

3 

5E11 

gl 1 99 

23 

22 32 IE-6 


r3 

5 

99 

474.86 

g12 23 

50 

32 22 IE-6 


r4 

6 

99 

474.86 

* 




r5 

4 

7 

423.26 

*POLE AT 159 MHz 


r6 

4 

8 

423.26 

* 




cin 

1 

2 

5E-12 

r25 24 

99 

1E6 


c2 

5 

6 

4.2106E-12 

r26 24 

50 

1E6 


il 

4 

50 

IE-3 

Cl 1 24 

99 

IE-15 


ios 

1 

2 

IE-7 

Cl 2 24 

50 

IE-15 


eos 

9 

1 

poly(1) 26 32 4E-4 1 

g13 99 

24 

23 32 1 E-6 


ql 

5 

2 7 

qx 

g14 24 

50 

32 23 IE-6 


q2 

6 

9 8 

qx 

♦COMMON-MODE GAIN NETWORK WITH ZERO AT 20kHz 

* SECOND STAGE & POLE AT 3.8 kHz 

* 




* 




r29 26 

27 

1E6 


r7 

11 

99 

7.1229E6 

r30 26 

28 

1E6 


r8 

11 

50 

7.1229E6 

15 27 

99 

7.9575 


c3 

11 

99 

5.88E-12 

16 28 

50 

7.9575 


c4 

11 

50 

5.88E-12 

g17 99 

26 

33 32 IE-11 


gi 

99 

11 

poly(1) 5 6 4.31 E-3 2.1059E-3 

gl 8 26 

50 

32 33 IE-11 


g2 

11 

50 

poly(1) 6 5 4.31 E-3 2.1059E-3 

* 




v2 

99 

10 

2.25 

♦POLE AT 159 MHz 


v3 

12 

50 

2.25 





dl 

11 

10 

dx 

r32 31 

99 

1E6 


d2 

12 

11 

dx 

r33 31 

50 

1E6 


★ 




cl 5 31 

99 

IE-15 


* POLE AT 39.8 MHz 

cl 6 31 

50 

IE-15 


* 




g19 99 

31 

24 32 IE-6 


r9 

13 

99 

1E6 

g20 31 

50 

32 24 1 E-6 


rl 0 

13 

50 

1E6 

♦ 




C5 

13 

99 

4E-15 

* OUTPUT STAGE 



c6 

13 

50 

4E-15 





g3 

99 

13 

11 32 IE-6 

r34 32 

99 

20.0E3 


g4 

13 

50 

32 11 IE-6 

r35 32 

50 

20.0E3 


★ 




r36 33 

99 

60 


* ZERO-POLE PAIR AT 26.5 MHz /1 59 MHz 

r37 33 

50 

60 


* 




17 33 

38 

2.9E-7 


rl 3 

16 

17 

1E6 

g21 36 

50 

31 33 16.6666667E-3 


rl 4 

16 

18 

1E6 

g22 37 

50 

33 31 16.6666667E-3 


rl 5 

17 

99 

5E6 

g23 33 

99 

99 31 1 6.6666667E-3 


rl 6 

18 

50 

5E6 

g24 50 

33 

31 50 16.6666667E-3 


11 

17 

99 

5.005E-3 

v6 34 

33 

1.7 


12 

18 

50 

5.005E-3 

v7 33 

35 

1.7 


gs 

99 

16 

13 32 IE-6 

d5 31 

34 

dx 


g6 

16 

50 

32 13 IE-6 

d6 35 

31 

dx 


* 




d7 99 

36 

dx 


* ZERO-POLE PAIR AT 31 .8 MHz / 39.8 MHz 

d8 99 

37 

dx 


* 




d9 50 

36 

dy 


rl 7 

19 

20 

1E6 

dIO 50 

37 

dy 


rl 8 

19 

21 

1E6 

♦ 




rl 9 

20 

99 

2.51 57E5 

♦MODELS USED 



r20 

21 

50 

2.51 57E5 





13 

20 

99 

1 006E-3 

•model qx NPN(BF=2500) 


14 

21 

50 

1 .006E-3 

•model dx D(IS= 

IE-15) 


g7 

99 

19 

16 32 IE-6 

•model dy D(IS= 

IE-15 BV=50) 


gs 

* 

19 

50 

32 16 IE-6 

•ends OP-64 



* POLE AT 100 MHz 

★ 





r21 

22 

99 

1E6 





r22 

22 

50 

1E6 





c7 

22 

99 

1.59E-15 





c8 

22 

50 

1.59E-15 





g9 

99 

22 

19 32 IE-6 





gio 

22 

50 

32 19 IE-6 





FIGURE 11b: 

OP-64 SPICE Net-List 
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ANALOG 

DEVICES 


High-Speed, Current Feedback 
Operational Amplifier 


OP-160 


FEATURES 

• Easy To Use - Drives Large Capacitive Loads 

• Very High Slew Rate (A v = +1 ) 1 300 V/ps Typ 

• Bandwidth (A v = +1) 90MHzTyp 

• Low Supply Current 6.5mA Typ 

• Bandwidth Independent of Gain 

• Unity-Gain Stable 

• Power Shutdown Pin 


APPLICATIONS 

• High-Speed Data Acquisition 

• Communication Systems/RF Amplifiers 

• Video Gain Block 

• High-Speed Integrators 

• Driving High-Speed ADCs 


ORDERING INFORMATION f 


T A = + 25°C 
V (0S MAX 
(mV) 


PACKAGE 


OPERATING 

TEMPERATURE 

RANGE 

CERDIP 

8-PIN 

PLASTIC 

8-PIN 

LCC 

20-CONTACT 

5.0 

OP160AZ* 

— 

OP160ARC/883 

MIL 

5.0 

OP160FZ 

OP160GP 

— 

XIND 

5.0 

— 

OP160GS tt 

— 

XIND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet, 
t Burn-in is available on extended industrial temperature range parts in CerDIP 
and plastic packages. 

tt For availability and burn-in information on SO package, contact your local sales 
office. 


GENERAL DESCRIPTION 

The OP-1 60 is an easy-to-use high-speed, current feedback op 
amp. Designed to handle large capacitive loads, the OP-160 
resists unstable operation. The OP-160 combines PMI's high- 
speed complementary bipolar process with a current feedback 


FAST SETTLING (0.01%) 



A v = -1,+10V STEP INPUT 


topology for very high slew rate and wide bandwidth perform- 
ance. 

Slew rate of the OP-1 60 is typically 1 300V/ps and is guaranteed 
to exceed 1 OOOV/ps. In addition, the OP-1 60's current feedback 
design has the added advantage of nearly constant bandwidth 
versus gain. In a gain of +1 the -3dB bandwidth is 90MHz! The 
OP-1 60 also requires only 6.5mA of supply current, a consider- 
able power savings over other high-speed amplifiers. 

Applications using the OP-1 60 can be implemented with the same 
circuit assumptions utilized for conventional voltage feedback 
op amps. With its high speed and bandwidth, the OP-1 60 is ideal 
for a variety of applications including video amplifiers, RF am- 
plifiers, and high-speed data acquisition systems. 

The OP-1 60 is an easy-to-use alternative to the AD844, AD846, 
EL2020 and EL2030. 

For applications requiring a high-speed, wide bandwidth dual 
amplifier, see the OP-260. 


PIN CONNECTIONS 





d ^ d 

CD 

< 

(/) O 


v os NULL \T 


Tf DISABLE 

Z Z 2 

Q 2 


-IN [T 


TJ v+ 

/^HJLilLLl 

20]|19]X 


+IN (T 

n/1 

T] OUT N.c. 

3 

Q® 

N.C. 

v- [T 


T| V os NULL N.C. 

3 

F 

N.C. 



-IN 

3 

fie 

V+ 



N.C. 

u 

[7 5 

N.C. 

8-PIN EPOXY MINI-DIP +1N 

8l 

fl4 

OUT 

(P-Suffix) 1 



8-PIN CERDIP 

^ d d 

d d 


(Z-Suffix) 


i 2 


8-PIN SO 20-CONTACT LCC 

(S-Suffix) 

(RC-Suffix) 



DRIVES CAPACITIVE LOADS 
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OP- 160 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage ±1 8V 

Input Voltage Supply Voltage 

Differential Input Voltage +1V 

Inverting Input Current ±7mA Continuous 

±20mA Peak 

Output Short-Circuit Duration 1 0 sec 

Operating Temperature Range 

OP-160A (Z, RC) -55°C to +125°C 

OP-160A.F (Z) -40 °C to +85°C 

OP-160G (P.S) -40°C to +85°C 

Storage Temperature (Z, RC) -65°C to +175°C 

(P, S) -65°C to +150°C 

Junction Temperature (Z, RC) -65°C to +175°C 

(P, S) -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) +300°C 


PACKAGE TYPE 

©ja (Note 2) 

e iC 

UNITS 

8-Pin Hermetic DIP (Z) 

148 

16 

°c/w 

8-Pin Plastic DIP (P) 

103 

43 

°c/w 

20-Contact LCC (RC) 

98 

38 

°c/w 

8-Pin SO (S) 

158 

43 

°c/w 


NOTES: 

1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2. ©j A is specified for worst case mounting conditions, i.e., © jA is specified for 
device in socket for CerDIP, P-DIP, and LCC packages; © jA is specified for 
device soldered to printed circuit board for SO package. 


ELECTRICAL CHARACTERISTICS at V c = ±15V, V^ M = OV, = 820Q, T fl = +25°C, unless otherwise noted. 

b CM r A 






OP-160A/F 



OP-160G 



PARAMETER 

SYMBOL 

CONDITIONS 


MIN 

TYP MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset 

Voltage 

V IOS 



- 

2 

5 

- 

2 

5 

mV 

Input Bias 

*b+ 

Noninverting Input 


- 

0.2 

1 

- 

0.4 

1.5 

pA 

Current 

*B- 

Inverting Input 


- 

6 

20 

- 

10 

30 

Input Bias Current 


V CM“ ±11V 









Common-Mode 

CMRRI^ 

Noninverting Input 


- 

40 

75 

- 

50 

125 

nA/V 

Rejection Ratio 

cmrri b _ 

Inverting Input 


- 

30 

75 

- 

40 

125 

Input Bias Current 


V s = ±9V to ±1 8V 









Power Supply 

ps rr| b+ 

Noninverting Input 


- 

1 

5 

- 

1.5 

10 

nA/V 

Rejection Ratio 

psrri b _ 

Inverting Input 


- 

20 

50 

- 

25 

75 

Common-Mode 

Rejection 

CMR 

V rM = ±1 IV 

CM 


60 

65 


60 

65 

- 

dB 

Power Supply 
Rejection 

PSR 

V s =- ±9V to ±18V 


74 

80 

- 

74 

80 

- 

dB 

Open-Loop 

Transimpedance 

R t 

R l = 500Q 

V Q = ±10V 


3 

4 

- 

3 

4 

- 

MQ 

Input Voltage 

Range 

IVR 

(Note 1) 


±11 

- 

- 

±11 

- 

- 

V 

Output Voltage 

Swing 

v o 

R l = 5000 


±11 

- 

- 

±11 

- 

- 

V 

Output Current 

*0 

v 0 = ±10V 


±35 

+60/-45 

- 

±35 

+60/-45 

- 

mA 

Supply Current 

^SY 

No Load 


- 

6.5 

8 

- 

6.5 

8 

mA 



A v -+1.V o -±10V, 

R, = 5000, Test at V n = ±5V 

All Grades 

- 

1300 

- 

- 

1300 

- 


Slew Rate 

SR 









V/ps 

A v =+2,V o = ±10V, 

R l = 5000, Test at V Q = ±5V 

OP-160A 

1000 

1300 

- 

. - 

- 

- 



OP-160F 

OP-160G 

800 

1300 

“ 

800 

1300 
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ELECTRICAL CHARACTERISTICS at V s 

= ±15V ' V CM 

= OV, R p = 820Q, T a = +25°C, unless otherwise noted. Continued 





OP-160A/F 

OP-160G 



PARAMETER 

SYMBOL 

CONDITIONS 


MIN TYP MAX MIN 

TYP 

MAX 

UNITS 

Rise Time 

l R 

Ay= +1 

A v = -1 

V Q = ±l00mV 

4 

6.4 

4 

6.4 

_ 

ns 

-3dB Bandwidth 

BW 

-3dB Point 

R l = 5000 

> > > 

< < < 
fi ii ii 

+ + 1 

ro — 

55 

90 

- 65 - 

55 

90 

65 

- 

MHz 



A v = -1, 10V Step 






Settling Time 

l s 

0.01% 


125 

125 

- 

ns 



0.1% 


75 

75 

- 

Input Capacitance 

C .N 

Noninverting Input 


4 

4 

- 

PF 

Input Resistance 

r in 

Noninverting Input 
Inverting Input 


17 

60 

10 

60 

- 

MO 

O 

Voitage Noise 
Density 

e n 

/ = 1 kHz 


5.5 

5.5 

- 

nVA/Hz 

Current Noise 
Density 


/ = 1 kHz 

Noninverting Input 
Inverting Input 


5 

20 

5 

20 

- 

pA/-/Hz 

Total Harmonic 

Distortion 

THD 

/ = 1kHz, A v = +1, 

V o = 2 V rms- R l = 500 ^ 

- 0.004 

0.004 

- 

% 

Differential Gain 


/= 3.58MHz 

A v = +1 , R L = 5000 


0.04 

0.04 

- 

% 

Differential Phase 


/ = 3.58MHz 

A v =+1, R l = 5000 


0.04 

0.04 

- 

degrees 

Disable Supply 


DISABLE = 0 V 


2.3 

2.3 


mA 

Current 

’sydIs 

No Load 




NOTE: 

1 . Guaranteed by CMR test. 
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OP-160 


ELECTRICAL CHARACTERISTICS at V s = ±1 5V, V CM = 0 V, R p = 8200, -55°C < T A < +1 25°C, for the OP-1 60A, unless other- 


wise noted. 





OP-160A 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

V IOS 


- 

3 

8 

mV 

Average Input Offset 

Voltage Drift 

TC VOS 


- 

10 

- 

[iV/°C 

Input Bias Current 

'b+ 

Noninverting Input 

- 

0.35 

2 


'b- 

Inverting Input 

~ 

12 

30 

Input Bias 


V CM = ±10V 





Current Common- 

cmrri b+ 

Noninverting Input 

- 

55 

150 

nA/V 

Mode Rejection 

cmrri b _ 

Inverting Input 

- 

45 

150 

Input Bias 


V s = ±9V to ±1 8 V 





Current Power 

psrri b+ 

Noninverting Input 

- 

2 

10 

nA/V 

Supply Rejection Ratio 

psrri b _ 

Inverting Input 

- 

40 

100 

Common-Mode 

CMR 

V rM = ±10V 





56 

60 


dB 

Rejection 

CM 




Power Supply 

PSR 

V c = ±9V to ±1 8V 

70 

76 


dB 

Rejection 


S 




Open-Loop 

R-r 

R l = 5000 

1.75 

3 


MO 

Transimpedance 

T 

v G = ±iov 



Input Voltage 

Range 

IVR 

(Note 1) 

±10 

- 

- 

V 

Output Voltage 

V„ 

R l = 50012 

±10 



V 

Swing 

o 





Supply Current 

'SY 

No Load 

- 

6.75 

9 

mA 


NOTE: 

1 . Guaranteed by CMR test. 
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OP- 160 


ELECTRICAL CHARACTERISTICS at = ±15V V rM 

= OV, FL = S20Q, -40°C < T. 

< +85°C, for the OP-160F/G, unless 



otherwise noted. 















OP-160F 


OP-160G 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 1 

UNITS 

Input Offset 

Voltage 

V IOS 


- 

2.75 

8 

- 

2.75 

8 

mV 

Average Input 

Offset Voltage 

TCV os 


- 

10 

- 

- 

10 

- 

pV/°C 

Input Bias 

>B + 

Noninverting Input 

- 

0.3 

2 

- 

0.5 

3 

pA 

Current 

'b- 

Inverting Input 

" 

10 

30 

- 

15 

40 

Input Bias 


V CM = ±10V 









Current Common- 

cmrri b+ 

Noninverting Input 

- 

45 

150 

- 

55 

250 


Mode Rejection Ratio 

cmrri b _ 

Inverting Input 

- 

35 

150 

- 

45 

250 



Input Bias 


V s = ±9V to ±1 8V 









Current Power 

psrri b+ 

Noninverting Input 

- 

1.5 

10 

- 

2.5 

20 


Supply Rejection Ratio 

psrri b _ 

Inverting Input 

- 

30 

100 

- 

3.5 

150 



Common-Mode 

Rejection 

CMR 

V CM = ±10V 

56 

62 

- 

56 

62 

- 

dB 

Power Supply 

Rejection 

PSR 

V S = ±9V to ±1 8V 

70 

80 

- 

70 

80 

- 

dB 

Open-Loop 

Transimpedance 

r t 

R L = 500Q 

V Q = ±10V 

1.75 

3 

- 

1.75 

3 

- 

MQ 

Input Voltage 

Range 

IVR 

(Note 1) 

±10 

- 

- 

±10 

- 

- 


V 

Output Voltage 

Swing 

V o 

R l = 500£2 

±10 

- 

- 

±10 

- 

- 


V 

Supply Current 

Current 

■SY 

No Load, 

Both Amplifiers 

- 

6.75 

9 

- 

6.75 

9 

mA 


NOTE: 

1 . Guaranteed by CMR test. 
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OP- 160 


DICE CHARACTERISTICS 



WAFER TEST LIMITS atV s = ±15V, V QM = OV, R p = 820Q, T A = +25°C, unless otherwise noted. 





OP-160GBC 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

Input Offset Voltage 

V IOS 


5 

mV MAX 

Input Bias Current 

'b+ 

Noninverting Input 

1.5 

pA MAX 

*B- 

Inverting Input 

30 

Input Bias 


V CM = ±11V 



Current Common- 

cmrri b+ 

Noninverting Input 

125 

nA/V MAX 

Mode Rejection Ratio 

cmrri b _ 

Inverting Input 

125 

Input Bias 


V s = ±9V to ±1 8V 



Current Power 

psrri b+ 

Noninverting Input 

10 

nA/V MAX 

Supply Rejection Ratio 

PSRR! b _ 

Inverting Input 

75 

Common-Mode 





CMR 

V r(L . = ±llV 

60 

dB MIN 

Rejection 


CM 

Power Supply 

PSR 

V c = ±9V to ±1 8V 

74 

dB MIN 

Rejection 


s 


Open-Loop 

R-r 

R l = 5000 

3 

MO MIN 

Transimpedance 

T 

< 

o 

ii 

i+ 

o 

< 


Input Voltage Range 

IVR 


±11 

V MIN 

Output Voltage 

V n 

R. = 5000 

±11 

V MIN 

Swing 

o 




Supply Current 

'SY 

No Load 

8 

mAMAX 


NOTES: 

1 . Guaranteed by CMR test. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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PHASE SHIFT (DEGREES) PHASE SHIFT (DEGREES) SLEW RATE (V/jxs) 


TYPICAL PERFORMANCE CHARACTERISTICS 


OP-160 


SLEW RATE vs 
NONINVERTING GAIN 



SLEW RATE vs 
INVERTING GAIN 



-1 -2 -3 -4 -5 -6 -7 -8 -9 -10 

GAIN 


GAIN vs FREQUENCY 


A v = +1 



PHASE SHIFT vs FREQUENCY 


-3dB BANDWIDTH vs 
SUPPLY VOLTAGE 


GAIN vs FREQUENCY 


Ay = +1 



1 10 100 
FREQUENCY (MHz) 


Av = +1 



A v = +2 



PHASE SHIFT vs FREQUENCY 
Ay = +2 



1 10 100 
FREQUENCY (MHz) 


GAIN vs FREQUENCY 


PHASE SHIFT vs FREQUENCY 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 


NONINVERTING INPUT 
BIAS CURRENT vs 
COMMON-MODE VOLTAGE 



POWER SUPPLY REJECTION 



Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


COMMON-MODE REJECTION 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


APPLICATIONS INFORMATION 

CURRENT VERSUS VOLTAGE FEEDBACK AMPLIFIERS 

The OP-1 60 employs a unique circuit topology that sets it apart 
from conventional op amps. By using a transimpedance ampli- 
fier configuration, the OP-160 provides substantial improve- 
ments in bandwidth and slew rate over voltage feedback op 
amps. Figure 1 compares models of these two different ampli- 
fier configurations. 

A voltage feedback op amp multiplies the differential voltage at 
its inputs by its open-loop gain. The feedback loop forces the 
output to a voltage that, when divided by R 1 and R 2 , equalizes 
the input voltages. Unlike a voltage feedback op amp, which has 


high impedance inputs, the current feedback amplifier has a 
high and a low impedance input. The current feedback 
amplifier’s input stage consists of a unity-gain voltage buffer 
between the noninverting and inverting inputs. The inverting 
“input” is in reality a low impedance output. Current can flow into 
or out of the inverting input. A transimpedance stage follows the 
input buffer that converts the buffer output current into a linearly 
proportional amplifier output voltage. 

The current feedback amplifier loop works in the following fash- 
ion (Figure 1b). As the noninverting input voltage rises, the in- 
verting input follows and the buffer sources current through R r 



FIGURE 1 : The conventional op amp (a) can be modelled as a voltage-controlled voltage source. In contrast, the current feedback 


op amp (b), resembles a current-controlled voltage source. 
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This current, multiplied by the transimpedance stage, causes 
the amplifier’s output voltage to rise until the current flowing into 
R 2 from the amplifier's output equalizes the current through R 1( 
replacing the buffer’s output current. At steady state, only a very 
small buffer output current must flow to sustain the proper out- 
put voltage. The ratio (1 + R/R^ determines the closed-loop 
gain of the circuit. The result is that when designing with current 
feedback amplifiers the familiar op amp assumptions can still be 
used for circuit analysis: 

1 . The voltage across the inputs equals zero. 

2. The current into the inputs equals zero. 

BANDWIDTH VERSUS GAIN 

A unique feature of the current feedback amplifier design is that 
the closed-loop bandwidth remains relatively constant as a 
function of closed-loop gain. Voltage feedback op amps suffer 
from a bandwidth reduction as closed-loop gain increases, as 
quantified by the gain-bandwidth product (GBWP). This is illus- 
trated in Figure 2 which shows the frequency response of the 
OP-160 for various closed-loop gains and the frequency re- 
sponse of a voltage feedback op amp with a gain-bandwidth 
product of 30MHz. The bandwidth of the OP-1 60 is much less 
dependent upon closed-loop gain than the voltage feedback op 
amp. 



FIGURE 2: Frequency response of the OP-160 when con- 
nected in various closed-loop gains with R F = 8200. and R L = 
1 000. Note that the frequency response of the OP- 1 60 does not 
follow the asymptotic roll-off characteristic of a voltage feedback 
op amp. 

FEEDBACK RESISTANCE AND BANDWIDTH 

The closed-loop frequency response of the OP-160 shown in 
Figure 2 applies for a fixed feedback resistor of 8200. The fre- 
quency response of a current feedback amplifier is primarily 
dependent on the value of the feedback resistor value. The 
design of the OP-1 60 has been optimized for a feedback resis- 
tance of 8200. By holding the feedback resistor value constant, 
the-3dBfrequency point will also remain constant within a mod- 
erate range of closed-loop gain. 



FIGURE 3: Simple frequency response model of the current 
feedback amplifier. 


The model shown in Figure 3 can be used to determine the fre- 
quency response of a current feedback amplifier. With this 
model, the frequency response dependency on the value of the 
feedback resistance is easily seen. 


From the model of Figure 3, nodal equations may be written for 
V 1 and V 9 . 


V IN 


Vi =- 


R2 

Rinv 


VoUT 


1 R 2 R 2 

1 + +- 


Ri Rinv 


V 2 = 


Rt 

1 +sRt Cc 


h 


where li 


Vin-Vi 


= Vi 


Rinv 

Combining these equations yields 


Vout 

r 2 : 


and Vout = V 2 


Vout = 


Vin 


_R2_ 

Rinv 


- Vout 


\ 


R 2 r 2 

1 + — + 

Ri Rinv 


1 


Vout 


r 2 


Rt 


1 +sRjCc 


If the transimpedance of the amplifier, R T , is » R 2 and R, NV , then 
the transfer function may be simplified to: 


Vout 

V|N 


1 + ^ 
Ri 


1 + s 

R 2 +(l +— |Rinv| Cc 

1 

[ Ri / J 
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The transfer function shows that the dominant closed-loop pole 
is mainly dependent on the value of the feedback resistance, R 2 , 
and the internal compensation capacitor, C c . For example, at 
unity gain, where R 1 is infinite, R 2 determines the -3dB fre- 
quency. 

Vqut ~ 1 

Vin 1 + SR 2 Cc 

f-3dB = 

2 n R 2 Cc 
where R 2 » Rinv 

For higher gains, the -3dB frequency is determined by R 2 plus 
the output resistance of the buffer, R INV (typically 60Q), which is 
multiplied by the closed-loop gain. As the closed-loop gain in- 
creases, the multiplying effect on R |NV becomes dominant, 


causing the bandwidth to decrease. However, the closed-loop 
bandwidth of a current feedback amplifier still far exceeds that 
of a voltage feedback op amp for moderate values of gain. 

Figure 4 shows the effect of the feedback resistance on the 
bandwidth of the OP-1 60 for various closed-loop gains. 

SLEW RATE AND GAIN 

The simplified schematic in Figure 5 shows the three stages of 
the OP-160. The input stage consists of a unity-gain emitter- 
follower amplifier. Q s and Q 6 form a class AB output stage at the 
inverting input which can source or sink current. The current 
flowing through the inverting input is sensed by the top current 
mirror, formed by Q 7 , Q g , and Q 10 , or the bottom current mirror, 
formed by Q s , Q 11t and Q 12 . When the buffer sources current to 
a load, current flows out of the inverting input, increasing Q 5 ’s 
collector current and causing more current to flow through Q g 


GAIN vs FREQUENCY 
a ) R f = 500Q 



GAIN vs FREQUENCY 
b ) R f = 820Q 



GAIN vs FREQUENCY 
R f = IkQ 



GAIN vs FREQUENCY 
R f = 2kQ 



FIGURE 4: Bandwidth will vary with feedback resistance. Peaking increases as the feedback resistance is decreased. R F = 8200. 
is the recommended value. All graphs are normalized to OdB. 
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v os null v os null 



FIGURE 5: Simplified schematic of the OP-160 showing the three stages of the amplifier. 



and Q 15 . This increases the base drive to the output transistor 
Q 17 . Simultaneously, the increased current in Q g drives Q 13 
which reduces base drive to the complementary output transis- 
tor Q ia This push-pull action produces a very fast output slew 
rate. Fora small voltage step, the OP-1 60’s slew rate is depend- 
ent on the available current from the two current sources (l A and 
l B ) that drive Q 5 and Q 6 . 


To increase the slew rate, transistors Q 1 and Q 2 have been 
added to boost the base drive to Q 5 and Q 6 . In low gains, a large 
input step will turn on Q n or Q 2 increasing the slew rate dramati- 
cally as illustrated in Figure 6. 
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a) 


Ay =+1 

R p = 8200 

r l m 5000 

C L = lOOOpF 
V g = ±1 5V 


b) 


1 

Rp = 8200 
R l = 500Q 
C L = lOOOpF 
V- =±15V 


LCOmV : lOOmV : 


lOOatf 10C*V 




is further reduced and the amplifier remains stable. Figure 7 
shows the OP-1 60 in a gain of +1 and -1 driving a 1 0OOpF load 
without any sign of oscillation. Table 1 shows the effects of 
capacitive load on the -3dB bandwidth for A v * -1 . 


TABLE 1 : -3dB Bandwidth vs. Capacitive Load; A v = -1 , 
R F = 8200, R l = 5000, V s = ±15V. 


CAPACITANCE (pF) 

~3dB BANDWIDTH (MHz) 

0 

55 

20 

55 

50 

50 

75 

48 

100 

40 

200 

24 

500 

13 

1000 

9 


FIGURE7: The OP- 1 60 remains stable when driving large 
capacitive loads. 

DRIVING CAPACITIVE LOADS 

The OP-1 60 is capable of driving capacitive loads at high speed. 
Output stage compensation is used to reduce the effects of 
capacitive loading. With low capacitive loads, the gain from the 
compensation node to the output is unity and C Q does not con- 
tribute to the overall compensation. As the load capacitance is 
increased, a pole is formed with the output resistance of the 
amplifier. The gain is reduced and C Q begins to contribute to the 
overall compensation capacitance leading to a reduction in 
bandwidth. As the load capacitance is increased, the bandwidth 


AMPLIFIER NOISE PERFORMANCE 

Simplified noise models of the OP-1 60 in the noninverting and 
inverting amplifier configurations are shown in Figure 8. All re- 
sistors are assumed to be noiseless. 

For the noninverting amplifier, the equivalent input voltage 
noise, referred to the input, is: 

En = R s inn) 2 + e n 2 + ( R 2 ini^/AvCL 

where: 

E n = total input referred noise 

e n = amplifier voltage noise 

i nn = noninverting input current noise 

i ni = inverting input current noise 

R s = source resistance 

A vcl = closed loop gain = 1 + R 2 /R 1 



FIG U RE 8: Simplified noise models for the OP- 1 60 in noninverting (a) and inverting (b) gain. 
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For the inverting amplifier, the equivalent input voltage noise, 
referred to the input, is: 


En = 


„ L 2( 1+1 AvCLh , (R2inif 

V n \ IAvclI ) 


I AvclI 


assuming R s « R r A VCL = closed-loop gain = -R 2 /R r 


Typical values @ 1 kHz for the noise parameters of the OP-1 60 
are: 

e n = 5.5nV/-/Hz 

i = 5pAA/Hz 
nn r , 

i nj = 20pA/-/Hz 


SHORT-CIRCUIT PERFORMANCE 

To avoid sacrificing bandwidth and slew rate performance the 
OP-1 60’s output is not short-circuit protected. Do not short the 
amplifier’s output to ground or to the supplies. Also, the buffer 
output current should not exceed a value of ±20mA peak or 
±7mA continuous. 


POWER SUPPLY BYPASSING AND LAYOUT 
CONSIDERATIONS 

Proper power supply bypassing is critical in all high-frequency 
circuit applications. For stable operation of the OP-160, the 
power supplies must maintain a low impedance-to-ground over 
an extremely wide bandwidth. This is most critical when driving 
a low resistance or large capacitance, since the current required 
to drive the load comes from the power supplies. A 10)iF and 


0.1 pF bypass capacitor are recommended for each supply, as 
shown in Figure 9, and will provide adequate high-frequency 
bypassing in most applications. The bypass capacitors should 
be placed at the supply pins of the OP-1 60. As with all high fre- 
quency amplifiers, circuit layout is a critical factor in obtaining 
optimum performance from the OP-1 60. Proper high-frequency 
layout reduces unwanted signal coupling in the circuit. When 
breadboarding a high-frequency circuit, use direct point-to- 
point wiring, keeping all lead lengths as short as possible. Do 
not use wire-wrap boards or "plug-in" prototyping boards. 


v+ 



Fl G U R E 9 : Proper power supplying bypassing is required to 
obtain optimum performance with the OP-160. 
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SETTLING TIME 

Settling time is the time between when the input signal begins to 
change and when the output permanently enters a prescribed 
error band. Figure 1 0 illustrates the artificial summing node test 
configuration, used to characterize the OP-1 60 settling time. The 
OP-1 60 is set in again of-1 with a 1 0V step input.The error bands 
on the output are 5mV and 0.5mV, respectively, for 0.1% and 
0.01% accuracy. 



FIG U R E 1 2 : Transient Output Impedance Test Fixture 


The test circuit, built on a copper clad circuit board, has a FET 
input stage which maintains extremely low loading capacitance 
at the artificial sum node. Preceding stages are complementary 
emitter follower stages, providing adequate drive current for a 
50Q. oscilloscope input. The OP-97 establishes biasing for the 
input stage, and eliminates excessive offset voltage errors. 

TRANSIENT OUTPUT IMPEDANCE 

Settling characteristics of operational amplifiers also includes an 
amplifier's ability to recover, i.e., settle, from a transient current 
output load condition. An example of this includes an op amp 
driving the input from a SAR type A/D converter. Although the 
comparison point of the converter is usually diode clamped, the 
input swing of plus-and-minus a diode drop still gives rise to a 
significant modulation of input current. If the closed-loop output 
impedance is low enough and bandwidth of the amplifier is suf- 
ficiently large, the output will settle before the converter makes 
a comparison decision which will prevent linearity errors or 
missing codes. 

Figure 12 shows a settling measurement circuit for evaluating 
recovery from an output current transient. An output disturbing 
current generator provides the transient change in output load 
current of 1 mA. As seen in Figure 1 3, the OP-1 60 has extremely 
fast recovery of 80ns, (to 0.01 %), for a 1 mA load transient. The 
performance makes it an ideal amplifier for data acquisition 
systems. 



FIGURE 13: OP-160's Extremely Fast Recovery Time from a 
1mA Load Transient to 1 mV (0.01%) 
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FIGURE 14: Input Offset Voltage Nufling 

OFFSET VOLTAGE ADJUSTMENT 

Offset voltage is adjusted with a 20kQ potentiometer as shown 
in Figure 14. The potentiometer should be connected between 
pins 1 and 5 with its wiper connected to the V+ supply. The 
typical trim range is ±40mV. 


DISABLE AMPLIFI ER SHUT DOWN 

Pin 8 of the OP-1 60, DISABLE, is an amplifier shutdown control 
input. The OP-1 60 operates normally when Pin 8 is left floating. 
When greater than 1 0OOpA is drawn from the DISABLE pin, the 
OP-1 60 is disabled. To draw current from the DISABLE pin, an 
open collector output logic gate or a discrete NPN transistor can 
be used as shown in Figure 15. An internal resistor limits the 
DISABLE current to around 500pA if the DISABLE pin is 
grounded with the OP-160 powered by ±15V supplies. These 
logic interface methods have the added advantage of level 



FIGURE 1 6: DISABLE Turn-On/Turn-Off Test Circuit 


shifting the TTL signal to whatever supply voltage is used to 
power the OP-160. 

In the DISABLE mode, the OP-1 60 maintains 40dB of input-to- 
output isolation if the input signal remains below ±1 .5V. Output 
resistance is very high, over lOOkQ, if the output is driven by 
signals of less than ±1 .5V. Higher signals will be distorted. 

Figure 16 shows a test circuit for measuring the turn-on and 
turn-off times for the OP-1 60. The OP-1 60 is in a gain of +1 with 
a +1 V DC input. As the input pulse to the inverter rises its output 
falls, drawing current from the DISABLE pin and disabling the 



FIGURE 15: Simple circuits allow the OP- 1 60 to be shut down. 
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FIGURE 17: (a) OP-160 turn-on and turn-off performance, (b) 
Expanded scale showing turn-on performance of the OP-160. 
Be aware of the high-frequency spike during turn-on. 


amplifier. The output voltage delay is shown in Figure 17 and 
takes 200p.s to reach ground. The turn-on time is much quicker 
than the turn-off time. In this situation as the input to the inverter 
falls its output rises, returning the OP-1 60 to normal operation. 
The amplifier's output reaches its proper output voltage in 
450ns. 

OVERDRIVE RECOVERY 

Figure 1 9 shows the overdrive recovery performance of the OP- 
160. Typical recovery time is 120ns from positive and negative 
overdrive. 

APPLICATIONS 
NONINVERTING AMPLIFIER 

The OP-160 can be used as a voltage-follower or noninverting 
amplifier as shown in Figure 20. A current feedback amplifier in this 
configuration yields the same transfer function as a voltage feed- 
back op amp: 

Vqut _ i , R 2 
Vin Ri 

Remember to use a 820£2 feedback resistor in voltage-follower 
applications. 

In noninverting applications, stray capacitance at the inverting in- 
put of a current feedback amplifier will cause peaking which will in- 
crease as the closed-loop gain decreases. The gain setting resis- 
tor, R 1 , is in parallel with this stray capacitance creating a zero in the 



FIGURE 18: Overdrive Recovery Test Circuit 



FIGURE19: The OP- 1 60 recovers from both positive and 
negative overdrive in 120ns. 



FIGURE 20: The OP-160 as a voltage follower or noninverting 
amplifier. 
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closed-loop response. For large noninverting gains, R 1 is small, USING CURRENT FEEDBACK OP AMPS IN INTEGRATOR 
creating a very high-frequency open-loop pole which has limited ef- APPLICATIONS 

feet on the closed-loop response. As the noninverting gain is de- The small-signal model of a current feedback op amp shown 

creased, R 1 becomes larger and the stray zero becomes lower in earlier in Figure 3 assumes a non-varying value of feedback 

frequency, having a much greater effect on the closed-loop response. impedance. A non-varying feedback impedance ensures that 

To reduce peaking at low noninverting gains, place a series resis- the bandwidth of the amplifier does not extend beyond its 1 80° 

tor, R c , in series with the noninverting input as shown in Figure 20. phase shift point and create unwanted oscillations. In integrator 

This resistor combines with the stray capacitance at the noninverting circuits, the feedback element is a capacitor whose impedance 

inputto form a low-pass filterthat will reduce the peaking. The value does vary with frequency. By definition then, integrator applica- 

of R c should be determined experimentally in the actual PCB lay- tions using current feedback amplifiers should be unstable, 

out. Less peaking will occur in inverting gain configurations since However, a simple trick, shown in Figure 22, enables high- 

the inverting input is a virtual ground which forces a constant volt- speed, wide bandwidth current feedback op amps to be used in 

age across the stray capacitance. integrator applications. 

A common practice to stabilize voltage feedback op amps is to use Resistor R js , aced between an artificia | sum node and the 

a capacitor across the feedback resistance. This creates a zero in invertin g in F put of the amp | ifier . This resistor maintains a mini . 

the voltage feedback amplifier response to offset the loss of phase mum va , ue o{ feedback imp edance over all frequencies. At high 

margin due to a parasitic pole. In current feedback amplifiers, this signa | f requenc ie S , the integrator capacitor, C, , is a short circuit; 

technique will cause the amplifier to become unstable because the the feedback i mpedance is equal to R F only and the amplifier 

closed-loop bandwidth will increase beyond the stable operating has maximum bandwidth . At , ow frequencies, C, adds to the 

frequency. overall feedback impedance. This lowers the amplifier's band- 

INVERTING AMPLIFIER width but not enough to affect the integrator’s performance. 

The OP-160 is also capable of operation as an inverting amplifier 



FIG U RE 21 : The OP- 1 60 as an in verting amplifier. 
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Figure 23 shows the gain and phase performance of the integra- 
tor. The integrator has the desired one-pole response for signal 
frequencies 

f c » 1 /(2 tcR 2 C 1 ) « 16kHz. 

A more strenuous test of integrator performance is the pulse 
response. Ideally, this should be a linear ramp. The current 
feedback integrator's pulse response is exhibited in Figure 24. 
The response closely approximates the ideal linear ramp. 



FIGURE 23: Gain and phase response of the integrator shows 
a one-pole response. 




FIGURE 25: Gain roll-off and peaking of current feedback 
amplifiers is dependent upon a number of factors including load- 
ing and parasitic capacitance. 



FIGURE 26: A current feedback op amp configured for non in- 
verting gain. Parasitic capacitances affecting gain are also 
shown. 


FIG U R E 24 : Pulse response of the current feedback integrator, 
f = 2MHz. 

ACHIEVING FLAT GAIN RESPONSE WITH CURRENT FEED- 
BACK OP AMPS 

In high-performance systems, flat gain response is often re- 
quired. Current feedback op amps provide wide bandwidth per- 
formance but even these may not fulfill the gain flatness require- 
ments of some systems. 

Current feedback op amps exhibit both gain roll-off and peaking 
as shown in Figure 25. Peaking is primarily due to parasitic 


capacitance; gain roll-off is determined by the amount and type 
of load on the amplifier. Peaking is controlled by careful layout 
and circuit design; however, its cause can provide a method of 
improving gain flatness over a desired frequency range. 

Consider the noninverting amplifier of Figure 26. The gain 
equals: 

1 + R 2 , 

R 1 //Z (C c //Cs) 

and at low frequencies 

A = 1 +5i. = 1 + 91 -°-Q =2 
R 1 91 OQ 
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At higher frequencies the gain increases or peaks due to the 
effect of the parasitic capacitance, C s , on the gain equation. Any 
capacitance at the inverting input will create a zero in the ampli- 
fier's response. This fact can be used to compensate for gain 
roll-off due to loading on the amplifier. 

Begin by measuring or estimating the amplifier's -6dB point 
(this is the frequency at which the output signal is half its original 
amplitude). This can be easily determined from a network 
analyzer plot of the amplifier's frequency performance. From 
this the amount of capacitance, C c , which will double the gain 
at the -6dB frequency and restore the original gain, can be 
determined. 

From the -6dB frequency, C c can be calculated: 


C c = C s + 


2rcFV_6dB 


27tR 2 f_6c,B 


for noninverting configuration, where C s is the combination of 
the amplifier's input capacitance and the stray capacitance at 
the input. 

In the example shown, 

C s = 9pF = OP-1 60 input capacitance (4pF) + stray capacitance 
(5pF) 

C =9pF + 1 + 1 

2tc( 91 0H)32MHz 2 tc(91 0^)32MHz 

~ 20pF 

Figure 27 is an expanded scale plot of the gain performance of 
the compensated amplifier at A v = +2. Gain performance is flat 
to ±0.1 dB out to beyond 9MHz. For low gains (A v < 5) peaking 



sated Amplifier, A v = +2 


will be increased. At higher gains, gain flatness can be signifi- 
cantly improved without gain peaking. Figure 28 depicts the 
OP-1 60 with A v = +1 0. In this example f_g dB « 22 MHz so, 

C s = 9pF + 1 + 1 

2tc(91Q)22MHz 27i(820n)22MHz 

= 97pF 

The nearest standard capacitor value is lOOpF. 

Gain performance is flat to 0.5dB to 30MHz and the amplifier's 
-3dB point is 38MHz. This gives the amplifier an effective gain- 
bandwidth of 380MHz! Compensating the OP-1 60 does not ef- 
fect the pulse response as shown in Figure 29. 



fier, A v = +10, showing the effect of the compensation capaci- 
tance, C c , on gain flatness. 



FIGURE 29: Pulse Response of the OP- 160 in a Gain of + 10 
Compensated for Gain Flatness 
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OP-160 SPICE MACRO-MODEL 

Figures 30 and 31 showthe SPICE macro-model for the OP-1 60 
high-speed, current feedback operational amplifier. This model 
was tested with, and is compatible with PSpice* and HSpice**. 
The schematic and net-list are included here so that the model 
can easily be used. This model uses a unique current feedback 
topology to accurately model both the AC and DC characteris- 
tics of the OP-1 60. In addition, this model can accommodate any 
number of poles and zeros to further shape the AC response. 

The OP-160 SPICE macro-model uses four BJT transistors to 
create the input buffer as in the actual device. However, the rest 
of the model contains only ideal linear elements and ideal diodes 
to model the OP-160’s behavior. Using only four transistors 
reduces simulation time and simplifies model development. It 
simulates important DC parameters such as V QS , l B , CMR, V Q 
and l SY . AC parameters such as slew rate, open-loop transim- 
pedance and phase response and CMR changes with fre- 
quency are also simulated by the model. In addition, the model 
includes the change in input bias current with varying common- 
mode and power supply voltages. Both output swing and supply 
current are accurately modelled. 

One aspect of the OP-1 60's behavior is that slew rate varies with 
closed-loop gain. Slew rate of the basic model is set to the typi- 
cal values for the OP-1 60 in a gain of +1 . For other gains, the 


rising and falling slew rates can be adjusted by varying the 
values of V 1 and V 2 in the model. Slew rates for various gains 
can be determined from Figures 6a and 6b. 

V' + 0.6V 

Rising Slew Rate = (1kh)(5pF) 
y n + o.6V 

Falling Slew Rate = — § 

(1kQ)(5pF) 

To keep the OP-1 60 model as simple as possible and thus save 
computer and development time, not all features of the op amp 
were modelled as listed below: 

- PSR 

- Crosstalk 

- No limits on power supply voltages 

- Maximum input voltage range 

-Temperature effects (i.e., model parameters are assumed 
at 25°C) 

- input noise voltage and current sources 

- Parameter variations for Monte Carlo analysis (i.e., all 
parameters are typical only) 

These parameters are considered second-order effects and are 
not considered necessary for circuit simulation under normal 
operating conditions. However, users can easily add these func- 
tions as needed. 


* PSpice is a registered trademark of MicroSim Corporation. 
** HSPICE is a tradename of Meta-Software, Inc. 
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FIGURE 30: OP-160 SPICE Model 
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OP-1 60 


* OP-160 MACRO-MODEL© PM1 1990 

* POLE AT 300MHZ 


* NODE ASSIGNMENTS 

R8 

17 97 

1E6 

* 



NONINVERTING INPUT 

C4 

17 97 

0.531 E-1 5 

* 



INVERTING INPUT 

G4 

97 17 

15 22 IE-6 

* 



OUTPUT 

* 



* 



POSITIVE SUPPLY 

* POLE AT 300MHZ 


* 



1 NEGATIVE SUPPLY 

* 



* 



1 1 

R9 

18 97 

1E6 

• SUBCKT OP-160 1 2 24 99 50 

C5 

18 97 

0.531E-15 

* 




G5 

97 18 

17 22 IE-6 

' INPUT STAGE 


* 



* 




* POLE AT 500MHZ 


R1 

99 

8 

IK 

* 



R2 

10 

50 

IK 

R10 

19 97 

1E6 

VI 

99 

9 

9.4 

C6 

19 97 

0.318E-15 

D1 

9 

8 

DX 

G6 

97 19 

18 22 IE-6 

V2 

11 

50 

4.4 

* 



D2 

10 

11 

DX 

* POLE AT 500MHZ 


11 

99 

5 

1 25U 

* 



12 

4 

50 

125U 

R11 

20 97 

1E6 

Q1 

50 

3 

5 QP 

C7 

20 97 

0.318E-15 

Q2 

99 

3 

4 QN 

G7 

97 20 

19 22 IE-6 

Q3 

8 

6 

2 QN 

* 



Q4 

10 

7 

2 QP 

* POLE AT 500MHZ 


R3 

5 

6 

143K 

* 



R4 

4 

7 

143K 

R12 

21 97 

1E6 

Cl 

99 

6 

0.0133P 

C8 

21 97 

0.318E-15 

C2 

50 

7 

0.0133P 

G8 

97 21 

20 22 IE-6 

* INPUT ERROR SOURCES 

* OUTPUT STAGE 


GB1 

99 

1 

POLY(1) 1 22 2E-7 4E-8 

ISY 

99 50 

1 .75E-3 

GB2 

99 

2 

POLY(I) 1 22 6E-6 4E-8 

R13 

22 99 

3.333E3 

VOS 

3 

1 

IE-3 

R14 

22 50 

3.333E3 

CS1 

99 

2 

2.5E-12 

R15 

27 99 

40 

CS2 

50 

2 

2.5E-12 

R16 

27 50 

40 

* 




L2 

27 28 

4E-8 

EREF 

97 

0 

22 0 1 

G9 

25 50 

21 27 25E-3 

* 




G10 

26 50 

27 21 25E-3 

* GAIN STAGE & DOMINANT POLE 

G 1 1 

27 99 

99 21 25E-3 

* 




G12 

50 27 

21 50 25E-3 

R5 

12 

97 

5E6 

V5 

23 27 

1.55 

C3 

12 

97 

5P 

V6 

27 24 

1.55 

G1 

97 

12 

99 8 IE-3 

D5 

21 23 

DX 

G2 

12 

97 

10 50 IE-3 

D6 

24 21 

DX 

V 3 

99 

13 

2.2 

D7 

99 25 

DX 

V 4 

14 

50 

2.2 

D8 

99 26 

DX 

D3 

12 

13 

DX 

D9 

50 25 

DY 

D4 

14 

12 

DX 

D10 

50 26 

DY 

CF 

29 

28 

30P 

* 



RF 

12 

29 

300 

* MODELS USED 


* ZERO/POLE PAIR AT 50MHZ/300MHZ 

• MODEL QN NPN (BF=1 E9 IS=1E-15 VAF=92) 

* 




• MODEL QP PNP (BF=1E9 IS=1E-15 VAF=92) 

R6 

15 

16 

1E6 

• MODEL DX D(IS= 

IE-15) 

LI 

16 

97 

2.65E-3 

•MODELDY D(IS=1E-15 BV=50) 

R7 

16 

97 

5E6 

•ENDS OP-160 


G3 

97 

15 

12 22 IE-6 





FIGURE 31: OP-160 SPICE Net-List 
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□ ANALOG 
DEVICES 


Dual, Precision 
JFET High Speed Operational Amplifier 


OP-249 


FEATURES 

• Fast Slew Rate 22V/|as Typ 

• Settling Time (0.01%) 1.2psMax 

• Offset Voltage 300pV Max 

• High Open-Loop Gain lOOOV/mVMin 

• Low Total Harmonic Distortion 0.002% Typ 


• Improved Replacement for AD71 2, LT1057, OP-215, 
TL072, and MC34082 

• Available in Die Form 


APPLICATIONS 

• Output Amplifier for Fast D/As 

• Signal Processing 

• Instrumentation Amplifiers 

• Fast Sample/Holds 

• Active Filters 

• Low Distortion Audio Amplifiers 

• Input Buffer for A/D Converters 

• Servo Controllers 


GENERAL DESCRIPTION 

The OP-249 is a high-speed, precision dual JFET op amp, simi- 
lar to the popular single op amp, the OP-42. The OP-249 outper- 
forms available dual amplifiers by providing superior speed with 
excellent DC performance. Ultra-high open-loop gain (IkV/mV 
minimum), low offset voltage, and superb gain linearity, makes 
the OP-249 the industry's first true precision, dual high-speed 
amplifier. 

With a slew rate of 22V/ps typical, and a fast settling time of less 
than 1 .2ps maximum to 0.01 %, the OP-249 is an ideal choice for 
high-speed bipolar D/A and A/D converter applications. The 
excellent DC performance of the OP-249 allows the full accu- 
racy of high-resolution CMOS D/As to be realized. 


Symmetrical slew rate, even when driving large loads, such as 
600Q, or 200pF of capacitance, and ultra-low distortion, make 
the OP-249 ideal for professional audio applications, active fil- 
ters, high-speed integrators, servo systems, and buffer amplifi- 
ers. 

The OP-249 provides significant performance upgrades to the 
TL072, AD712, OP-21 5, MC34082 and the LT1 057. 


PIN CONNECTIONS 
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OP-249 


ORDERING INFORMATION [ 




PACKAGE 


OPERATING 

TEMPERATURE 

RANGE 

TO-99 

CERDIP 

8-PIN 

PLASTIC 

8-PIN 

LCC 

20-CONTACT 

OP249AJ* 

OP249AZ* 

- 

0 P249 ARC/883 

MIL 

OP249EJ 

- 

- 

_ 

XIND 

OP249FJ 

OP249FZ 

- 

_ 

XIND 

- 

- 

OP249GP 

_ 

XIND 

- 

- 

OP249GS n 

- 

XIND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet, 
t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. For ordering information, see 
PMI's Data Book, Section 2. 

ft For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage ±18V 

Input Voltage (Note 2) ±1 8V 

Differential Input Voltage (Note 2) 36V 

Output Short-Circuit Duration Indefinite 

Storage Temperature Range -65°C to +1 75°C 


Operating Temperature Range 

OP-249A (J, Z, RC) -55°C to +125°C 

OP-249E.F (J, Z) ~40°C to +85°C 

OP-249G (P, S) -40°C to +85°C 

Junction Temperature 

OP-249 (J, Z, RC) — 65°C to +175°C 

OP-249 (P, S) -65 °C to +150°C 

Lead Temperature Range (Soldering, 60 sec) 300°C 

PACKAGE TYPE 0 jA (Note 3) 0 JC UNITS 

TO-99 (J) 145 16 °C/W 

8-Pin Hermetic DIP (Z) 134 12 °C/W 

8-Pin Plastic DIP (P) 96 37 °C/W 

20-Contact LCC (RC) 88 33 °C/W 

8-Pin SO (S) 150 41 °C/W 

NOTES: 


1 . Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2. For supply voltages less than ±18V, the absolute maximum input voltage is 
equal to the supply voltage. 

3. 0 jA is specified for worst case mounting conditions, i.e., 0 jA is specified for 
device in socket for TO, CerDIP, P-DIP, and LCC packages; 0 jA is specified 
for device soldered to printed circuit board for SO package. 


ELECTRICAL CHARACTERISTICS at V s = ±15V, T A = +25°C, unless otherwise noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-249 A 
TYP 

MAX 

MIN 

O P-249 E 
TYP 

MAX 

MIN 

OP-249F 

TYP 

MAX 

UNITS 

Offset Voltage 

v os 


- 

0.2 

0.5 

- 

0.1 

0.3 

- 

0.2 

0.7 

mV 

Long Term Offset 
Voltage 

v os 

(Note 1) 

- 

- 

0.8 

- 

- 

0.6 

- 

- 

1.0 

mV 

Offset Stability 



- 

1.5 

- 

- 

1.5 

- 

- 

1.5 

- 

pV/Month 

Input Bias Current 

'b 

V CM = 0V .V +2 5°C 

- 

30 

75 

- 

20 

50 

- 

30 

75 

pA 

Input Offset Current 

'os 

V C M = 0V - T i = +25 ° C 

" 

6 

25 

- 

4 

15 

- 

6 

25 

PA 

Input Voltage Range 

IVR 

(Note 2) 

±11 

+ 12.5 

-12.5 

- 

±11 

+12.5 

-12.5 

- 

±11 

+12.5 

-12.5 

- 

V 

Common-Mode 

Rejection 

CMR 

V C M = * 11V 

80 

90 

- 

86 

95 

- 

80 

90 

- 

dB 

Power-Supply 
Rejection Ratio 

PSRR 

V s = ±4.5V 
to ±18V 

- 

12 

31.6 

- 

9 

31.6 

- 

12 

50 

pV/V 

Large-Signal 

Voltage Gain 

A vo 

v 0 = ±10V 

R l = 2kQ 

1000 

1400 

- 

1000 

1400 

- 

500 

1200 

- 

V/mV 

Output Voltage 

Swing 

v o 

R l = 2k£2 

±12.0 

+12.5 

-12.5 

- 

±12.0 

+12.5 

-12.5 

- 

±12.0 

+12.5 

-12.5 

. - 

V 

Short-Circuit 

Current Limit 

'sc 

Output Shorted 
to Ground 

±20 

+36 

-33 

±50 

±20 

+36 

-33 

±50 

±20 

+36 

-33 

±50 

mA 

Supply Current 

'SY 

No Load 

v 0 = ov 

- 

5.6 

7.0 

- 

5.6 

7.0 

- 

5.6 

7.0 

mA 

Slew Rate 

SR 

R l = 2kQ, C L = 50pF 

18 

22 

- 

18 

22 

- 

18 

22 

- 

V/ns 

Gain-Bandwidth 

Product 

GBW 

(Note 4) 

3.5 

4.7 

- 

3.5 

4.7 

- 

3.5 

4.7 

- 

MHz 

Settling Time 


10V Step 0.01% 

(Note 3) 

- 

0.9 

1.2 

- 

0.9 

1.2 

- 

0.9 

1.2 

PS 

Phase Margin 

®0 

OdB Gain 

- 

55 

- 

- 

55 

- 

- 

55 

- 

Deg 
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ELECTRICAL CHARACTERISTICS at V s = ±1 5V, T a = +25°C, unless otherwise noted. Continued 






OP-249A 



OP-249E 



OP-249F 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Differential Input 
Impedance 

Z ,N 


- 

10 1 2 ||6 

- 

- 

10 12 ||6 

- 

- 

10 1 2 ||6 

- 

Q||pF 

Open-Loop 




35 



35 



35 


Q 

Output Resistance 

0 









Voltage Noise 

e 

n p-p 

0.1 Hz to 10Hz 

- 

2 

- 

- 

2 

- 

- 

2 

- 

^ V p-p 



f 0 = 10Hz 

_ 

75 

_ 

_ 

75 

_ 

_ 

75 

_ 


Voltage Noise 

e n 

f 0 = 100Hz 

- 

26 

- 

- 

26 

" 

- 

26 

- 

nV/vTiz 

Density 


N 

X 

-SC 

II 

JD 

- 

17 

- 

- 

17 

- 

- 

17 

- 



f 0 = 10kHz 

- 

16 

- 

- 

16 

- 

- 

16 

- 


Current Noise 

Density 

*n 

f Q = 1 kHz 

- 

0.003 

- 

- 

0.003 

- 

- 

0.003 

- 

pA/vTlz 

Voltage Supply 

Vg 


±4.5 

±15 

±18 

±4.5 

±15 

±18 

±4.5 

±15 

±18 

V 

Range 














NOTES: 2. Guaranteed by CMR test. 

1 Long term offset voltage is guaranteed by a 1000 HR life test performed on 3 3. Settling-time is statistically tested. 

independent wafer lots at +1 25°C with a LTPD of 3. 4. Guaranteed by design and by inference from the slew rate measurement. 


ELECTRICAL CHARACTERISTICS at V s = ±15V, T A = +25°C, unless otherwise noted. 






OP-249G 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Offset Voltage 

v os 


- 

0.4 

2.0 

mV 

Input Bias Current 


V CM = 0V - T , = +25 ° C 

- 

40 

75 

pA 

Input Offset Current 

’os 

v cM = ov ' T r +25 ” c 

- 

10 

25 

pA 

Input Voltage Range 

IVR 

(Note 1) 

±11 

+ 12.5 

-12.0 

- 

V 

Common-Mode 

Rejection 

CMR 

V GM = ±11V 

76 

90 

- 

dB 

Power-Supply 

Rejection Ratio 

PSRR 

Vg = ±4.5V 
to ±18V 

- 

12 

50 

\iVN 

Large-Signal 

Voltage Gain 

A VO 

v 0 = ±10V 

R l = 2kO 

500 

1100 

- 

V/mV 

Output Voltage 

Swing 

v o 

R L = 2kQ 

±12.0 

+ 12.5 

-12.5 

- 

V 

Short-Circuit 

Current Limit 

'sc 

Output Shorted 
to Ground 

±20 

+36 

-33 

±50 

mA 

Supply Current 

'SY 

No Load 

v 0 = °v 

- 

5.6 

7.0 

mA 

Slew Rate 

SR 

R L = 2kQ, C L = 50pF 

18 

22 

- 

V/ps 

Gain-Bandwidth 

Product 

GBW 


- 

4.7 

- 

MHz 

Settling Time 


10V Step 0.01% 

- 

0.9 

- 

ps 

Phase Margin 

Q 0 

OdB Gain 

- 

55 

- 

Deg 


NOTES: 

1 . Guaranteed by CMR test. 
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OP-249 

ELECTRICAL CHARACTERISTICS at V g = ±15V, T A = +25°C, unless otherwise noted. Continued 






OP-249G 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Differential Input 
Impedance 

Z .N 


- 

10 12 ||6 

- 

QllpF 

Open-Loop 

R 



35 


Q 

Output Resistance 

0 





Voltage Noise 

®n p-p 

0.1Hz to 10Hz 

- 

2 

- 

pVp.p 



f 0 = 10Hz 

_ 

75 

- 


Voltage Noise 

e n 

f 0 = 100Hz 

- 

26 

- 

nV/v^Hz 

Density 


f 0 = 1kHz 

- 

17 

- 



f 0 = 10kHz 

- 

16 

- 


Current Noise 

Density 

'n 

f Q = 1 kHz 

- 

0.003 

- 

pA/v^Hz 

Voltage Supply 

V c 


±4.5 

±15 

±18 

V 

Range 

s 




ELECTRICAL CHARACTERISTICS at V g = ±15V, -40°C sT A s +85°C for E/F grades, and -55°C s T A s +125°C for A grade, 
unless otherwise noted. 






OP-249A 



OP-249E 



OP-249F 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Offset Voltage 

v os 


- 

0.12 

1.0 

- 

0.1 

0.5 

- 

0.5 

1.1 

mV 

Offset Voltage 













Temperature 

Coefficient 

TCV OS 



1 

5 

- 

1 

3 

~ 

1.2 

6 

nv/°c 

Input Bias Current 


(Note 1) 

- 

4 

20 

- 

0.25 

3.0 

- 

0.3 

4.0 

nA 

Input Offset Current 

'os 

(Note 1) 

- 

0.04 

4 

- 

0.01 

0.7 

- 

0.02 

1.2 

nA 

Input Voltage Range 

IVR 

(Note 2) 

±11 

+ 12.5 

-12.5 


±11 

+12.5 

-12.5 

- 

±11 

+12.5 

-12.5 

- 

V 

Common-Mode 

Rejection 

CMR 

V CM = * 11V 

76 

110 

- 

86 

100 

- 

76 

95 

- 

dB 

Power-Supply 
Rejection Ratio 

PSRR 

V s = ±4.5V 
to ±1 8V 

- 

5 

50 

- 

5 

50 

- 

7 

100 

1 iV/V 

Large-Signal 

Voltage Gain 

A VO 

R l = 2kQ 

v 0 = ±iov 

500 

1400 

- 

750 

1400 

- 

250 

1200 

- 

V/mV 

Output Voltage 

Swing 

v o 

R l = 2k£2 

±12.0 

+ 12.5 

-12.5 

- 

±12.0 

+12.5 

-12.5 

- 

±12.0 

+12.5 

-12.5 

- 

V 

Short-Circuit 

Current Limit 

'sc 

Output Shorted 
to Ground 

±10 

- 

±60 

±18 

- 

±60 

±18 

- 

±60 

mA 

Supply Current 

'SY 

No Load 

v 0 = ov 

- 

5.6 

7.0 

- 

5.6 

7.0 

- 

5.6 

7.0 

mA 


NOTES: 

1 . Tj = 85°C for E/F Grades; T. = 1 25°C for A Grade. 

2. Guaranteed by CMR test. 
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ELECTRICAL CHARACTERISTICS 

at V s = ±1 5V, -40°C sT a s +85°C, 

unless otherwise noted. 







OP-249G 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Offset Voltage 

v os 


- 

1.0 

3.6 

mV 

Offset Voltage 







Temperature 

Coefficient 

TCV OS 


— 

6 

25 

nv/ o c 

Input Bias Current 

'b 

(Note 1) 

- 

0.5 

4.5 

nA 

Input Offset Current 

'os 

(Note 1) 

- 

0.04 

1.5 

nA 

Input Voltage Range 

IVR 

(Note 2) 

±11.0 

+12.5 

-12.5 

- 

V 

Common-Mode 

Rejection 

CMR 

V CM = * 11V 

76 

95 

- 

dB 

Power-Supply 

Rejection Ratio 

PSRR 

V g = ±4.5V 
to ±18V 

- 

10.0 

100 

pV/V 

Large-Signal 

Voltage Gain 

A VO 

R L = 2kO 

v 0 = ±iov 

250 

1200 

- 

V/mV 

Output Voltage 

Swing 

v o 

R L = 2kO 

±12.0 

+12.5 

-12.5 

- 

V 

Short-Circuit 

1 

Output Shorted 

±18 


±60 

mA 

Current Limit 

'sc 

to Ground 


Supply Current 

'SY 

No Load 

v 0 = ° v 

- 

5.6 

7.0 

mA 


NOTES: 

1. T j = 85°C. 

2. Guaranteed by CMR test. 
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OP-249 


DICE CHARACTERISTICS 


1. OUT (A) 

2. -IN (A) 

3. +IN (A) 

4. V- 

5. +IN (B) 

6. -IN (B) 

7. OUT (B) 

8. V+ 


DIE SIZE 0.072 x 0.1 12 inch, 8,064 sq. mils 
(1 .83 x 2.84 mm, 5.2 sq. mm) 


WAFER TEST LIMITS at V c = ±1 5V, T 

® j 

= +25°C, unless otherwise noted. 



PARAMETER 

SYMBOL 

CONDITIONS 

OP-249GBC 

LIMITS 

UNITS 

Offset Voltage 

v os 


0.5 

mV MAX 

Offset Voltage 

Temperature Coefficient 

TCV OS 

— 40°C sT.s 85°C 

6.0 

nV/° C MAX 

Input Bias Current 


V CM = 0V 

225 

pAMAX 

Input Offset Current 

'os 

V CM = 0V 

75 

pA MAX 

Input Voltage Range 

IVR 

(Note 1) 

±11 

V MIN 

Common-Mode Rejection 

CMR 

V CM = * 11V 

76 

dB MIN 

Power-Supply 

Rejection Ratio 

PSRR 

Vg = ±4.5V to ±1 8V 

100 

pV/VMAX 

Large-Signal 

Voltage Gain 

\o 

r l = 2kQ 

250 

V/mV MIN 

Output Voltage Swing 

v o 

R l = 2kQ 

±12.0 

V MIN 

Short-Circuit 

Current Limit 

'sc 

Output Shorted 
to Ground 

±20/±60 

mA MIN/MAX 

Supply Current 

>SY 

No Load 
v 0 = ov 

7.0 

mAMAX 

Slew Rate 

SR 

R l = 2kfi, C L = 50pF 

16.5 

V/ps MIN 


NOTES: 

1 . Guaranteed by CMR test. 


Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


OPEN-LOOP GAIN, 
PHASE vs FREQUENCY 



FREQUENCY (Hz) 
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vs FREQUENCY 
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SLEW RATE vs 
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COMMON-MODE REJECTION 
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SLEW RATE vs 
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VOLTAGE NOISE DENSITY 
vs FREQUENCY 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 


OP-249 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 
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SIMPLIFIED SCHEMATIC (1/2 OP-249) 



BURN-IN CIRCUIT 



APPLICATIONS INFORMATION 

The OP-249 represents a reliable JFET amplifier design, featur- 
ing an excellent combination of DC precision and high speed. A 
rugged output stage provides the ability to drive a 600Q load and 
still maintain a clean AC response. The OP-249 features a large- 
signal response that is more linear and symmetric than previ- 
ously available JFET input amplifiers - compare the OP-249's 
large-signal reponse, as illustrated in Figure 1 , to other industry 
standard dual JFET amplifiers. 

Typically, JFET amplifier's slewing performance is simply speci- 
fied as just a number of volts/ps. There is no discussion on the 
quality, i.e., linearity, symmetry, etc. of the slewing response. 



FIGURE 1 : Large-Signal Transient Response, A v = +1, 
V in = 20V P . P ’ Z l = 2kQ\\200 P F, V s = ±15V 
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The OP-249 was carefully designed to provide symmetrically 
matched slew characteristics in both the negative and positive 
directions, even when driving a large output load. 

An amplifier's slewing limitation determines the maximum fre- 
quency at which a sinusoidal output can be obtained without 
significant distortion. It is, however, important to note that the 
nonsymmetric slewing typical of previously available JFET am- 
plifiers adds a higher series of harmonic energy content to the 
resulting response - and an additional DC output component. 
Examples of potential problems of nonsymmetric slewing be- 
haviour could be in audio amplifier applications, where a natu- 
ral, low-distortion sound quality is desired, and in servo or signal 
processing systems where a net DC offset cannot be tolerated. 
The linear and symmetric slewing feature of the OP-249 makes 
it an ideal choice for applications that will exceed the full-power- 
bandwidth range of the amplifier. 



FIGURE 3: Open-Loop Gain Linearity. Variation in Open-Loop 
Gain Results in Errors in High Closed-Loop Gain Circuits. 

R l = 600Q, V s = ±15V 



FIGURE 2: Small-Signal Transient Response, A v = +1, 
Z L = 2kQ\\100pF, No Compensation, V s = ±15V 



As with most JFET-input amplifiers, the output of the OP-249 
may undergo phase inversion if either input exceeds the speci- 
fied input voltage range. Phase inversion will not damage the 
amplifier, nor will it cause an internal latch-up condition. 

Supply decoupling should be used to overcome inductance and 
resistance associated with supply lines to the amplifier. A 0. 1 pF 
and a 1 0pF capacitor should be placed between each supply pin 
and ground. 

OPEN-LOOP GAIN LINEARITY 

The OP-249 has both an extremely high open-loop gain of 
1 kV/mV minimum and constant gain linearity. This feature of the 
OP-249 enhances its DC precision, and provides superb accu- 
racy in high closed-loop gain applications. Figure 3 illustrates 
the typical open-loop gain linearity - high gain accuracy is as- 
sured, even when driving a 600Q load. 

OFFSET VOLTAGE ADJUSTMENT 

The inherent low offset voltage of the OP-249 will make offset 
adjustments unnecessary in most applications. However, 
where a lower offset error is required, balancing can be per- 
formed with simple external circuitry, as illustrated in Figures 4 
and 5. 



FIGURE 5: Offset Adjust for Noninverting Amplifier 
Configuration 


In Figure 4, the offset adjustment is made by supplying a small 
voltage at the noninverting input of the amplifier. Resistors R 1 
and R 2 attenuates the pot voltage, providing a ±2.5mV (with V s 
= ±15V) adjustment range, referred to the input. Figure 5 illus- 
trates offset adjust for the noninverting amplifier configuration, 
also providing a ±2.5mV adjustment range. As indicated in the 
equations in Figure 5, if R 4 is not much greater than R 2 , there will 
be a resulting closed-loop gain error that must be accounted for. 
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Settling time is the time between when the input signal begins to 
change and when the output permanently enters a prescribed 
error band. The error bands on the output are 5mV and 0.5mV, 
respectively, for 0.1% and 0.01% accuracy. 

Figure 6 illustrates the OP-249's typical settling time of 870ns. 
Moreover, problems in settling response, such as thermal tails 
and long-term ringing are nonexistent. 

DAC OUTPUT AMPLIFIER 



FIGURE 6: Settling Characteristics of the OP-249 to 0.01%. 


Unity-gain stability, a low offset voltage of 300pV typical, and a 
fast settling time of 870ns to 0.01 %, makes the OP-249 an ideal 
amplifier for fast digital-to-analog converters. 

For CMOS DAC applications, the low offset voltage of the OP- 
249 results in excellent linearity performance. CMOS DACs, such 
as the PM-7545, will typically have a code-dependent output 
resistance variation between IlkQ and 33kQ. The change in 
output resistance, in conjunction with the 1 1 kQ feedback resistor, 
will result in a noise gain change. This causes variations in the 
offset error, increasing linearity errors. The OP-249 features low 
offset voltage error, minimizing this effect and maintaining 12- 
bit linearity performance over the full scale range of the converter. 

Since the DAC's output capacitance appears at the operational 
amplifiers inputs, it is essential that the amplifier is adequately 
compensated. Compensation will increase the phase margin, and 
ensure an optimal overall settling response. The required lead 
compensation is achieved with capacitor C in Figure 7. 



FIGURE 7: Fast Settling and Low Offset Error of the OP-249 Enhances CMOS DAC Performance 
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Figure 8 illustrates the effect of altering the compensation on the 
output response of the circuit in Figure 6a. Compensation is 
required to address the combined effect of the DAC's output 
capacitance, the op amp's input capacitance, and any stray 
capacitance. Slight adjustments to the compensation capacitor 
may be required to optimize settling response for any given 
application. 

The settling time of the combination of the current output DAC 
and the op amp can be approximated by : 

ts TOTAL = V(tsDAc ) 2 +(tsAMp ) 2 

The actual overall settling time is affected by the noise gain of 
the amplifier, the applied compensation, and the equivalent in- 
put capacitance at the amplifier's input. 

DISCUSSION ON DRIVING A/D CONVERTERS 

Settling characteristics of operational amplifiers also include an 
amplifier's ability to recover, i.e., settle, from a transient current 
output load condition. An example of this includes an op amp 
driving the input from a SAR type A/D converter. Although the 
comparison point of the converter is usually diode clamped, the 
input swing of plus-and-minus a diode drop still gives rise to a 
significant modulation of input current. If the closed-loop output 
impedance is low enough and bandwidth of the amplifier is suf- 
ficiently large, the output will settle before the converter makes 
a comparison decision which will prevent linearity errors or 
missing codes. 

Figure 9 shows a settling measurement circuit for evaluating 
recovery from an output current transient. An output disturbing 



Response Is Grossly Underdamped, and Exhibits Ringing 



C = 15pF 

Fast Rise Time Characteristics, but at Expense 
of Slight Peaking in Response 


FIGURE 8: Effect of Altering Compensation from Circuit in 
Figure 7a - PM -7545 CMOS DAC with 1/2 OP-249, Unipolar 
Operation. Critically Damped Response Will Be Obtained with 
C ~ 33pF 


+15V 



7A13 PLUG-IN 


7A13 PLUG-IN 


I V REF I 

ikn 


FIGURE 9: Transient Output Impedance Test Fixture 
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FIGURE 10: OP-249's Transient Recovery Time from a 1mA 
Load Transient to 0.01 % 


current generator provides the transient change in output load 
current of 1 mA. As seen in Figurel 0, the OP-249 has extremely 
fast recovery of 274ns (to 0.01 %), for a 1 mA load transient. The 
performance makes it an ideal amplifier for data acquisition 
systems. 

The combination of high speed and excellent DC performance 
of the OP-249 makes it an ideal amplifier for 1 2-bit data acquisi- 
tion systems. Examining the circuit in Figure 1 1 f one amplifier in 
the OP-249 provides a stable -5V reference voltage for the V REF 
input of the ADC-912. The other amplifier in the OP-249 per- 
forms high-speed buffering of the A/D's input. 

Examining the worst case transient voltage error (Figure 12) at 
the Analog In node of the A/D converter: the OP-249 recovers in 
less than 1 00ns. The fast recovery is due to both the OP-249's 
wide bandwidth and low DC output impedance. 


+15V +5V -15V 



FIGURE 1 1 : OP-249 Dual Amplifiers Provide Both Stable -5V Reference Input, and Buffers Input to ADC-912 



FIGURE 12: Worst Case Transient Voltage, at Analog In, 
Occurs at the Half-Scale Point of the A/D. OP-249 Buffers the 
A/D Input from Figure 1 1, and Recovers in Less than 100ns 


OP-249 SPICE MACRO-MODEL 

Figures 1 3 and 1 4 show the node and net list for a SPICE macro- 
model of the OP-249. The model is a simplified version of the ac- 
tual device and simulates important DC parameters such as 
V os , l os , l B , A vo , CMR, V Q and l SY . AC parameters such as slew 
rate, gain and phase reponse and CMR change with frequency 
are also simulated by the model. 

The model uses typical parameters for the OP-249. The poles 
and zeros in the model were determined from the actual open 
and closed-loop gain and phase reponse of the OP-249. In this 
way the model presents an accurate AC representation of the 
actual device. The model assumes an ambient temperature of 
25°C. 
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FIGURE 1 4: OP-249 SPICE Net List 

* PSpice is a registered trademark of MicroSim Corporation. 

** HSPICE is a tradename of Meta-Software, Inc. 
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ANALOG 

DEVICES 


Dual, High-Speed, Current Feedback 
Operational Amplifier 

OP-260 


FEATURES 

• Very High Slew Rate 550V/ps Typ 

• -3dB Bandwidth (A v =+10) 40MHzTyp 

• Bandwidth Independent of Gain 

• Unity-Gain Stable 

• Low Supply Current 4.5mA per amp Typ 


ORDERING INFORMATION* 


T a = 25°C 


PACKAGE 

OPERATING 

V 10S MAX 

(mV) 

TO-99 

8-PIN 

PLASTIC 

LCC 

20-CONTACT 

TEMPERATURE 

RANGE 

3.5 

OP260AJ* 

_ 

OP260ARC/883 

MIL 

3.5 

OP260EJ 

- 

- 

XIND 

5.0 

OP260FJ 

- 

- 

XIND 

7.0 

- 

OP260GP 

- 

XIND 

7.0 

- 

OP260GStt 

- 

XIND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet, 
t Burn-in is available on commercial and industrial temperature range parts in 
cerDIP, plastic DIP, and TO-can packages, 
tt For availability and burn-in information on SO packages, contact your local sales 
office. 


GENERAL DESCRIPTION 

The dual OP-260 represents a new concept in monolithic operational 
amplifiers. Built on PMI’s high-speed bipolar process, the OP-260 

continued 


PIN CONNECTIONS 



SIMPLIFIED SCHEMATIC (One of Two Amplifiers) 
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GENERAL DESCRIPTION Continued 

employs current feedback to provide consistently wideband opera- 
tion regardless of gain. The OP-260's-3dB bandwidth of 90MHz at 
A v =+1 combines with a slew rate of IOOOV/jis for extremely high- 
speed operation. For its high- speed bandwidth, the OP-260 requires 
only4.5mAof supply current per amplifier, aconsiderable power savings 
over other high-speed operational amplifiers. 

The OP-260 is easy to design with, since most of the circuit assump- 
tions for voltage feedback amplifiers can also be used for current 
feedback amplifiers. The two independent amplifiers of the OP-260 
allow two channel amplification with matched AC performance. It is 
also ideal for high-speed instrumentation amplifiers. Other applica- 
tions for the OP-260 include ultrasound and sonar systems, video 
amplifiers and high-speed data acquisition systems. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ±1 8V 

Input Voltage Supply Voltage 

Differential Input Voltage ±1V 

Inverting Input Current ±7mA Continuous 

±20mA Peak 


Output Short-Circuit Duration 1 0 sec 

Operating Temperature Range 

OP-260A, (J, RC, Z) -55°C to +125°C 

OP-260E/F (J, Z) -40°C to +85°C 

OP-260G (P, S) -40°C to +85°C 

Storage Temperature Range -65°C to +175°C 

Junction Temperature Range (J, RC) -65°C to +1 75°C 

Junction Temperature Range (P, S) -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) +300°C 


PACKAGE TYPE 0 jA (Note 2) © jC UNITS 

TQ-99 (J) 145 16 °C/W 

8-Pin Hermetic DIP (Z) 134 12 °C/W 

8-Pin Plastic DIP (P) 96 37 °C/W 

20-Contact LCC(RC) 88 33 °C/W 

16-Pin SOL (S) 92 27 °C/W 

NOTES: ' ~ ' 


1 . Absolute maximum ratings apply to both DICE and packaged parts, unless other- 
wise noted. 

2. 0 jA is specified for worst case mounting conditions, i.e., © jA is specified for device 
in socket for T O, P-DIP, and LCC packages; ©^ A is specified for device soldered to 
printed circuit board for SOL package. 


ELECTRICAL CHARACTERISTICS at V s = ±15V, V CM = 0V, R F = 2.5kn, T A = +25°C, unless otherwise noted. 






OP-260 A/E 


O P-260 F 


OP-260G 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset 

Voltage 

V IOS 


- 

1 

3.5 

- 

2 

5 

- 

3 

7 

mV 

Input Bias 

*B + 

Noninverting Input 

- 

0.2 

1 

- 

0.3 

2 

- 

0.5 

3 

PA 

Current 


Inverting Input 

- 

3 

8 

- 

4 

10 

- 

5 

15 

Input Bias 













Current Common- 
Mode Rejection 
Ratio 

cmrri b _ 

Inverting Input 

V CM= ±11V 

- 

0.04 

0.1 

- 

0.06 

0.2 

- 

0.1 

0.5 

pA/V 

Input Bias 

Current Power 
Supply Rejection 
Ratio 

psrri b 

PSRRI b ~ 

Inverting Input 

Noninverting Input 

V s = ±9 V to ±1 8V 

- 

0.02 

0.002 

0.1 

0.02 

- 

0.04 

0.004 

0.2 

0.04 

- 

0.05 

0.01 

0.5 

0.1 

pA/V 

Common-Mode 

Rejection 

CMR 

V c M - ±1lV 

56 

62 

- 

50 

60 

- 

50 

60 

- 

d3 

Power Supply 
Rejection 

PSR 

V s = ±9V to ±1 8V 

66 

72 

- 

60 

66 

- 

60 

66 

- 

dB 

Open-Loop 

Transimpedance 

r t 

R L = IkO 

V Q =±10V 

5 

7 

- 

4 

5 

- 

4 

5 

- 

MO 

Input Voltage 

Range 

IVR 


±11 

- 

- 

±11 

- 

- 

±11 

- 

- 

V 

Output Voltage 


R l = IkQ 

±12 

±12.6 

_ 

±12 

±12.6 

- 

±12 

±12.6 

- 


Swing 

v o 

l OUT = ±20mA 

±11 

±11.5 

- 

±11 

±11.5 

- 

±11 

±11.5 

- 


Supply 

Current 

'sY 

No Load, 

Both Amplifiers 

- 

9 

10.5 

- 

9 

10.5 

- 

9 

10.5 

mA 



A v = + 1,V o = ±10V, 

R l = 1 kO, Test at V Q = ±5V 

- 

1000 

- 

- 

1000 

- 

- 

1000 

- 


Slew Rate 


A v = +10, V Q =±10V, 

R l = 1 kO, Test at V Q = ±5 V 

375 

550 

- 

300 

550 

- 

300 

550 

- 


SR 

A v = +1 0, V Q = ±1 0V, 

R l = IkQ, Test at V Q = ±5V 
8-pin Hermetic DIP (Z) 

300 

- 

- 

300 

_ 

- 

- 

- 

_ 

V/ps 




Package 
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ELECTRICAL CHARACTERISTICS at V s 

= ±15V, V CM = OV, R F = 2.5kQ, T A = 25°C, unless otherwise noted. Continued 






OP-260A/E 

OP-260F 

OP-260G 



PARAMETER 

SYMBOL 

CONDmONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

UNITS 

-3dB 

BW 

-3dB point “ ] 

55 

90 

40 

55 

90 

- 40 - 

55 

90 

40 

MHz 

Bandwidth 

R. =5000 7" + 

L A v = +10 

Settling Time 

l s 

A v =-1, 

10V step, 0.1% 

250 

250 

250 


ns 

i 

Input 

Capacitance 

C,N 

Noninverting 
and Inverting Inputs 

4.5 

4.5 

4.5 

PF 

Channel 

Separation 


f 0 = 100kHz, 






cs 

V o = 10Vp-p, 

R L = 1000 

100 

100 

100 

dB 


ELECTRICAL CHARACTERISTICS at V s = ±1 5V, V CM = OV, R F = 2.5kQ, -55°C < T A < +1 25°C, for the OP-260A, unless other- 
wise noted. 


OP-260A 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

V IOS 


- 

1.8 

6 

mV 

Average Input Offset 

Voltage Drift 

TCV IOS 


- 

8 

- 

pV/°C 

Input Bias Current 

'b+ 

’b- 

Noninverting Input 

Inverting Input 

; 

0.3 

4 

2 

12 

pA 

Input Bias 

Current Common 

Mode Rejection 

cmrri b _ 

Inverting Input 

V CM = ±11V 

- 

0.05 

0.2 

pA/V 

Ratio 







Input Bias 

Current Power 

Supply Rejection 

Ratio 

psrri b 

ps rr| b+ 

Inverting Input 

Noninverting Input 

V s = ±9V to ±1 8V 

- 

0.03 

0.003 

0.2 

0.05 

pA/V 

Common Mode 

Rejection 

CMR 

V CM = ±11V 

52 

58 

- 

dB 

Power Supply 

Rejection 

PSR 

V s = ±9V to ±1 8V 

62 

70 

- 

dB 

Open-Loop 

Transimpedance 

r t 

R L = 1kQ, 

v 0 =±iov 

3 

4.8 

- 

MO 

Input Voltage 

Range 

IVR 


±11 

- 

- 

V 

Output Voltage 

v 

R L = 1kO 

±11.5 

±12.4 

- 

y 

Swing 

v O 

'out = 

±10.5 

±11.1 

- 


Supply Current 

*SY 

No load, 

Both Amplifiers 

- 

9 

11.5 

mA 
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ELECTRICAL CHARACTERISTICS at V s = ±1 5 V, V CM = OV, R F = 2.5kO, -40°C < T A < +85“C for the OP-260E/F/G, unless other- 
wise noted. 





OP-260E 



OP-260F 



OP-260G 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN TYP 

MAX 

MIN 

TYP MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset 

Voltage 

V IOS 


1.4 

6 

- 

2.5 

8 

- 

3.7 

10 

mV 

Average Input 












Offset Voltage 

Drift 

TCV IOS 


6 

" 

" 

8 

— 

' 

10 

~ 

pV/°C 

Input Bias 

<B + 

Noninverting Input 

0.3 

2 

- 

0.4 

3 

- 

0.6 

5 

pA 

Current 

•b- 

Inverting Input 

4 

12 

- 

5 

15 

- 

7 

20 

Input Bias 












Current Common 
Mode Rejection 
Ratio 

cmrri b _ 

Inverting Input 

V C M = ±11V 

- 0.05 

0.2 

- 

0.7 

0.4 

- 

0.15 

1.0 

pA/V 

Input Bias 












Current Power 

PSRRI b 

Inverting Input 

- 0.03 

0.2 

- 

0.05 

0.4 

■ - 

0.1 

1.0 

pA/V 

Supply Rejection 

psrri b+ 

Noninverting Input 

- 0.003 

0.05 

- 

0.005 

0.1 

- 

0.01 

0.2 


Ratio 


Common Mode 
Rejection 

CMR 

V CM = ±11V 

52 

60 

- 

50 

58 

- 

50 

58 

- 

dB 

Power Supply 
Rejection 

PSR 

V s = ±9V to ±15V 

62 

70 

- 

60 

64 

- 

60 

64 

- 

dB 

Open-Loop 

Transimpedance 

r t 

R L = 1kO, 

v 0 = ±iov 

3 

5 

- 

2 

4 

- 

2 

4 

- 

M£2 

Input Voltage 

Range 

IVR 


±11 

- 

- 

±11 

- 

- 

±11 

- 

- 

V 

Output Voltage 

V 

R L = 1kfi 

±11.5 

±12.5 

- 

±11.5 

±12.5 

- 

±11.5 

±12.5 

- 

v 

Swing 

v O 

l OUT = ±20mA 

±10.5 

±11.1 

- 

±10.5 

±11.1 

- 

±10.5 

±11.1 

- 


Supply 

Current 

*SY 

No Load, 

Both Amplifiers 

- 

9 

11.5 

- 

9 

11.5 

- 

9 

11.5 

mA 


CHANNEL SEPARATION TEST CIRCUIT BURN-IN CIRCUIT 
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DICE CHARACTERISTICS 



WAFER TEST LIMITS at V g = ±15V, V CM = OV, R p = 2.5k£2, T A = 25°C, unless otherwise noted. 






OP-260GBC 


PARAMETER 

SYMBOL 

CONDITIONS 


LIMITS 

UNITS 

Input Offset Voltage 

V IOS 



5 

mV MAX 

Input Bias Current 

'b+ 

'b- 

Noninverting Input 
Inverting Input 


2 

10 

pAMAX 

Input Bias 






Current Common 

Mode Rejection 

Ratio 

cmrri b 

Inverting Input 

V CM = +11V 


0.2 

pA/VMAX 

Input Bias 

Current Power 

Supply Rejection 

Ratio 

psrri b _ 

PS rr| b + 

Inverting Input 
Noninverting Input 
V s =±9Vto±18V 


0.2 

0.04 

pA/V MAX 

Common Mode 

Rejection 

CMR 

V CM= ±11V 


50 

dBMIN 

Power Supply 

Rejection 

PSR 

V s =±9Vto±18V 


60 

dB MIN 

Open-Loop 

Transimpedance 

r t 

R L =1kQ, 

v 0 =±iov 


4 

MO MIN 

Input Voltage 

Range 

IVR 



±11 

VMIN 

Output Voltage 

v 

R L =1kO 


±12 

VMIN 

Swing 

v O 

l OUT = ±20mA 


±11 

Supply Current 

*SY 

No Load, 

Both Amplifiers 


10.5 

mAMAX 


NOTE: 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for standard 
product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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PHASE (DEGREES) PHASE SHIFT (DEGREES) SLEW RATE < v/ l**) 


OP-260 


TYPICAL ELECTRICAL CHARACTERISTICS 



1 10 100 


SLEW RATE vs 
SUPPLY VOLTAGE 



0 ±5 ±10 ±15 ±20 


GAIN (ABSOLUTE) 


SUPPLY VOLTAGE (VOLTS) 


GAIN vs FREQUENCY 

A v = -1 


R F = 2.5kU 
V S =±15V 
5 — T A = 25°C 

NORMALIZED TO OdB 



1 10 100 
FREQUENCY (MHz) 


PHASE SHIFT vs FREQUENCY 


A v = -1 



10 


100 



FREQUENCY (MHz) 


SETTLING TIME (ns) 


FREQUENCY (MHz) 


PHASE vs FREQUENCY 
A v = -10 



1 10 100 


FREQUENCY (MHz) 


I 

O 


o 


SETTLING TIME 
vs OUTPUT STEP 



100 130 160 190 220 250 280 310 340 

SETTLING TIME (ns) 


GAIN vs FREQUENCY 
Av = +1 
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INPUT VOLTAGE NOISE DENSITY (nW/fiz) PHASE SHIFT (DEGREES) 


OP-260 


TYPICAL ELECTRICAL CHARACTERISTICS Continued 


PHASE SHIFT vs FREQUENCY 



1 10 100 
FREQUENCY (MHz) 


GAIN vs FREQUENCY 
A v = +100 



1 10 100 
FREQUENCY (MHz) 


PHASE SHIFT vs FREQUENCY 
Av = +100 



FREQUENCY (MHz) 


INPUT VOLTAGE NOISE 



i i i i i mm i. m i mu l—i i j-LLiu 

10 100 Ik 10k 


NONINVERTING INPUT 
CURRENT NOISE DENSITY 



10 100 Ik 10k 


INVERTING INPUT 
CURRENT NOISE DENSITY 



10 100 Ik 10k 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


OUTPUT IMPEDANCE 



FREQUENCY (MHz) 


MAXIMUM OUTPUT SWING 
vs FREQUENCY 



TOTAL SUPPLY CURRENT 
vs SUPPLY VOLTAGE 
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TYPICAL ELECTRICAL CHARACTERISTICS Continued 


OUTPUT SWING vs 



0 10 20 30 40 50 

lout ( m A) 


POWER SUPPLY REJECTION 



FREQUENCY (Hz) 


COMMON-MODE REJECTION 



FREQUENCY (Hz) 


APPLICATIONS INFORMATION 

CURRENT VERSUS VOLTAGE FEEDBACK AMPLIFIERS 

The dual OP-260 employs a unique circuit topology that sets it 
apart from conventional op amps. By using a transimpedance 
amplifier configuration, the OP-260 provides substantial im- 
provements in bandwidth and slew rate over voltage feedback 
op amps. Figure 1 compares models of these two different 
amplifier configurations. 

A voltage feedback op amp multiplies the differential voltage at 
its inputs by its open-loop gain. The feedback loop forces the 
output to a voltage that, when divided by R 1 and R 2 , equalizes 
the input voltages. Unlike a voltage feedback op amp, which has 
high impedance inputs, the current feedback amplifier has a 
high and a low impedance input. The current feedback 
amplifier’s input stage consists of a unity-gain voltage buffer 


between the noninverting and inverting inputs. The inverting 
“input” is in reality a low impedance output. Current can flow into 
or out of the inverting input. A transimpedance stage follows the 
input buffer that converts the buffer output current into a linearly 
proportional amplifier output voltage. 

The current feedback amplifier loop works in the following fash- 
ion (Figure 1b). As the noninverting input voltage rises, the 
inverting input follows and the buffer sources current through 
R r This current, multiplied by the transimpedance stage, 
causes the amplifier’s output voltage to rise until the current 
flowing into R 2 from the amplifier’s output equalizes the current 
through R v replacing the buffer’s output current. At steady 
state, only a very small buffer output current must flow to sustain 
the proper output voltage. The ratio (1 + R 2 /R 1 ) determines the 



FIGURE 1 : The conventional op amp (a) can be modelled as a voltage-controlled voltage source. In contrast, the current feedback 
op amp (b), resembles a current-controlled voltage source. 
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closed-loop gain of the circuit. The result is that when designing 
with current feedback amplifiers the familiar op amp assump- 
tions can still be used for circuit analysis: 

1 . The voltage across the inputs equals zero. 

2. The current into the inputs equals zero. 

BANDWIDTH VERSUS GAIN 

A unique feature of the current feedback amplifier design is that 
the closed-loop bandwidth remains relatively constant as a 
function of closed-loop gain. Voltage feedback op amps suffer 
from a bandwidth reduction as closed-loop gain increases, as 
quantified by the gain-bandwidth product (GBWP) . This is illus- 
trated in Figure 2 which shows the frequency response of the 
OP-260 for various closed-loop gains and the frequency re- 
sponse of a voltage feedback op amp with a gain-bandwidth 
product of 30MHz. The bandwidth of the OP-260 is much less 
dependent upon closed-loop gain than the voltage feedback op 
amp. 






^ 1 7 *1^ 



\ x1 / T T 



J^i, ? Rt ~r Cc *— U?>^> < 

O v out 


^ r inv 4 r i 


V 1 < 1 

AA A 


r 

vw 


1 

R t = SMALL SIGNAL TRANSIMPEDANCE 

C c = INTERNAL COMPENSATION CAPACITANCE 

R, nv = INPUT BUFFER OUTPUT RESISTANCE 


FIGURE 3: Simple frequency response model of the current 
feedback amplifier. 



FIGURE 2: Frequency response of the OP-260 when con- 
nected in various closed-loop gains with R F = 2.5kQ and R L = 
100Q. Note that the frequency response of the OP -260 does 
not follow the asymptotic roll-off characteristic of a voltage 
feedback op-amp. 

FEEDBACK RESISTANCE AND BANDWIDTH 


The model shown in Figure 3 can be used to determine the fre- 
quency response of a current feedback amplifier. With this 
model, the frequency response dependency on the value of the 
feedback resistance is easily seen. 

From the model of Figure 3, nodal equations may be written for 
V 1 and V 2 . 

Vi n (-^-) + Vout 

vR INV/ 

1 + R2+_R2_ 

Ri R inv 


v 2 Ri — i 

+ sRtCc 


where I i. M-Vi , Vl (J_ + X| 

R inv iRi R2J 


fe.and Vout = V 2 . 

R 2 


Combining these equations yields: 



1 V Vout Rt 
R 2 / R 2 1 +sRtCc 


The closed-loop frequency response of the OP-260 shown in Figure 
2 applies for a fixed feedback resistor of 2.5kQ. The frequency re- 
sponse of a current feedback amplifier is primarily dependent on the 
value of the feedback resistor. The design of the OP-260 has been 
optimized for a feedback resistance of 2.5kC2. By holding the feed- 
back resistor value constant, the-3dBfrequency point will also remain 
constant within a moderate range of closed-loop gain. 


If the transimpedance of the amplifier, R T , is » R 2 and R |N v , then 
the transfer function may be simplified to: 

i+R* 

Vqut ~ Ri 

V,N 1 + s R 2 +(l + Rinv Cc 
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The transfer function shows that the dominant closed-loop pole 
is mainly dependent on the value of the feedback resistance, R 2 , 
and the internal compensation capacitor, C c . For example, at 
unity gain, where R 1 is infinite, R 2 determines the -3dB fre- 
quency. 

Vqut _ 1 

Vin 1 + sR 2 Cc 

f-3dB = - 1 - 

2n R 2 Cc 
where R 2 » R INV . 


For higher gains, the -3dB frequency is determined by R 2 plus 
the output resistance of the buffer, R INV (typically 100ft), which 
is multiplied by the closed-loop gain. As the closed-loop gain in- 
creases, the multiplying effect on R INV becomes dominant, 
causing the bandwidth to decrease. However, the closed-loop 
bandwidth of a current feedback amplifier still far exceeds that 
of a voltage feedback op amp for moderate values of gain. 

Figure 4 shows the effect of the feedback resistance on the 
bandwidth of the OP-260 for various closed-loop gains. i 



FIGURE 4: Bandwidth will vary with feedback resistance. Peaking increases as the feedback resistance is decreased. R F = 2.5KLI 
is the recommended value. All graphs are normalized to OdB. 
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FIGURE 5: Simplified schematic of the OP-260 showing the three stages of the amplifier. 


SLEW RATE AND GAIN 

The simplified schematic in Figure 5 shows the three stages of 
the OP-260. The input stage consists of a unity-gain emitter- 
follower amplifier. Q 5 and Q 6 form a class AB output stage at the 
inverting input which can source or sink current. The current 
flowing through the inverting input is sensed by the top current 
mirror, formed by Q 7 , Q 9 , and Q 10 , or the bottom current mirror, 
formed by Q 8 , Q 1 1 , and Q 1 2 . When the buffer sources current to 
a load, current flows out of the inverting input, increasing Q 5 ’s 
collector current and causing more current to flow through Q g 
and Q 15 . This increases the base drive to the output transistor 
Q 17 . Simultaneously, the increased current in Q g drives Q 13 
which reduces base drive to the complementary output transis- 
tor Q 18 This push-pull action produces a very fast output slew 
rate. For a small voltage step, the OP-260’s slew rate is depend- 
ent on the available current from the two current sources (l A and 
l B ) that drive Q 5 and Q 6 

To increase the slew rate, transistors Q 1 and Q 2 have been 
added to boost the base drive to Q 5 and Q 6 . In closed-loop gains 
below 10, a large input step will turn on Q 1 or Q 2 increasing the 
slew rate dramatically as illustrated in Figure 6. 

AMPLIFIER NOISE PERFORMANCE 

Simplified noise models of the OP-260 in the noninverting and 
inverting amplifier configurations are shown in Figure 7. All re- 
sistors are assumed to be noiseless. 
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SLEW RATE vs GAIN 
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FIGURE 6: Slew rate of the OP -260 is highest in gains 
below ±10. 


For the noninverting amplifier, the equivalent input voltage 
noise, referred to the input, is: 


2-278 OPERATIONAL AMPLIFIERS 


REV. C 





OP-260 



FIGURE 7: Simplified noise models for the OP-260 in noninverting (a) and inverting (b) gain. 


where: 

E n = total input referred noise 

e n = amplifier voltage noise 

i nn = noninverting input current noise 

i nj = inverting input current noise 

R s = source resistance 

A vcl = closed loop gain = 1 + R 2 /R 1 


For the inverting amplifier, the equivalent input voltage noise, 
referred to the input, is: 


assuming R s « R r A VCL 


(R 2 in .) 2 

* (IAvlcI) 2 

= closed loop gain = -R 2 /R 1 . 


Typical values @ 1 kHz for the noise parameters of the OP-260 
are: 

e n = 5.0nV/VTte 
i = 3.0pA/VTiz 
i ni = 20.0pA/YHz 


SHORT CIRCUIT PERFORMANCE 

To avoid sacrificing bandwidth and slew rate performance the 
OP-260’s output is not short circuit protected. Do not short the 
amplifier’s output to ground or to the supplies. Also, the buffer 
output current should not exceed a value of ±20mA peak or 
±7mA continuous. 

POWER SUPPLY BYPASSING AND LAYOUT 
CONSIDERATIONS 

Proper power supply bypassing is critical in all high-frequency 
circuit applications. For stable operation of the OP-260, the 
power supplies must maintain a low impedance-to-ground over 
an extremely wide bandwidth. This is most critical when driving 
a low resistance or large capacitance, since the current required 
to drive the load comes from the power supplies. A 10pF and 


0.1 pF bypass capacitor are recommended for each supply, as 
shown in Figure 8, and will provide adequate high-frequency 
bypassing in most applications. The bypass capacitors should 
be placed at the supply pins of the OP-260. As with all high fre- 
quency amplifiers, circuit layout is a critical factor in obtaining 
optimum performance from the OP-260. Proper high frequency 
layout reduces unwanted signal coupling in the circuit. When 
breadboarding a high frequency circuit, use direct point-to-point 
wiring, keeping all lead lengths as short as possible. Do not use 
wire-wrap boards or “plug-in” prototyping boards. 

During PC board layout, keep all lead lengths and traces as 
short as possible to minimize inductance. The feedback and 
gain-setting resistors should be as close as possible to the in- 
verting input to reduce stray capacitance at that point. To fur- 
ther reduce stray capacitance, remove the ground plane from 
the area around the inputs of the OP-260. Elsewhere, the use of 
a solid unbroken ground plane will insure a good high-frequency 
ground. 



FIGURE 8: Proper power supplying bypassing is required to 
obtain optimum performance with the OP-260. 
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APPLICATIONS 

NONINVERTING AMPLIFIER 

The OP-260 can be used as a voltage-follower or noninverting 
amplifier as shown in Figure 9. A current feedback amplifier in this 
configuration yields the same transfer function as a voltage feed- 
back op amp: 

Vqut _ i + R2 
Vin Ri ' 

Remember to use a 2.5kQ feedback resistor in voltage-follower 
application. 

In noninverting applications, stray capacitance at the inverting in- 
put of a current feedback amplifier will cause peaking which will in- 
crease as the closed-loop gain decreases. The gain setting resis- 



FIGURE 9: The OP-260 as a voltage follower or noninverting 
amplifier. 



FIGURE 10: The OP-260 as an inverting amplifier. 


tor, R 1 , is in parallel with this stray capacitance creating a zero in the 
closed-loop response. For large noninverting gains, R, is small, 
creating a very high frequency open-loop pole which has limited ef- 
fect on the closed-loop response. As the noninverting gain is de- 
creased, R 1 becomes larger and the stray zero becomes lower in 
frequency, havingamuch greater effect on the closed-loop response. 
To reduce peaking at low noninverting gains, place a series resis- 
tor, R c , in series with the noninverting input as shown in Figure 9. 
This resistor combines with the stray capacitance at the noninverting 
input to form a low-pass filter that will reduce the peaking. The value 
of R c should be determined experimentally in the actual PCB lay- 
out. Less peaking will occur in inverting gain configurations since 
the inverting input is a virtual ground which forces a constant volt- 
age across the stray capacitance. 

A common practice to stabilize voltage feedback op amps is to use 
a capacitor across the feedback resistance. This creates a zero in 
the voltage feedback amplifier response to offset the loss of phase 
margin due to a parasitic pole. In current feedback amplifiers, this 
technique will cause the amplifier to become unstable because the 
closed-loop bandwidth will increase beyond the stable operating 
frequency. For the same reason, current feedback amplifiers will 
not be stable in integrator applications. 

INVERTING AMPLIFIER 

The OP-260 is also capable of operation as an inverting amplifier 
(see Figure 1 0). The transfer function of this circuit is identical to 
that using a voltage feedback op amp: 

Vqut = _R2 
Vin Ri ' 

An optional offset voltage trim is shown in Figure 1 1 . 

AUTOMATIC GAIN CONTROL AMPLIFIER 

One of the shortcomings of using voltage feedback op amps in an 
Automatic-Gain-Control amplifier is that its bandwidth drops off rapidly 
as gain increases, limiting the useful bandwidth. However, for cur- 
rentfeedback amplifiers, bandwidth is relatively independent of gain, 


+15V 



FIGURE 1 1 : Optional offset voltage trim circuit for the OP-260. 
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FIGURE 1 2: The OP-260 eliminates the problem of variable bandwidth in AGC amplifiers using voltage feedback op amps. 


eliminating this problem. Figure 1 2 shows a simple AGC amplifier 
design using the OP-260. Amplifier A 1 is used as the gain stage. 
Its output is rectified by the second amplifier A 1 b . If the output volt- 
age swings more negative, diode D 2 forward biases and D 1 reverse 
biases, closing the loop on amplifier A 1 b . A positive voltage appears 
on the anode of D 2 ; but, if the output voltage swings positive, D 2 reverse 
biases and D 1 forward biases, keeping the loop closed on A 1 b . This 
prevents the amplifier from saturating to the negative rail. The re- 
sult is an accurate positive rectification of the output signal. 

The output of the rectifier is then compared with a reference current 
set up by the 604kQ resistor which is biased to -1 5 V. The output of 
the error amplifier A 2 will drive the FET (Q^ to the proper voltage 
necessary to achieve a zero voltage at the inverting input of A 2 . If 
there is insufficient signal, the error amplifier will detect an imbal- 
ance. This causes the error amp to drive more positive, turning FET 



FIGURE 13: Pulse response of the AGC amplifier at (a) low level 
input signal, and (b) large input signal. 


Q 1 on harder, reducing the channel resistance and increasing the 
gain. Figure 13 shows the pulse response of the AGC amplifier. 
The AGC loop maintainsaconstantpeakoutputamplitudeforasquare 
wave input signal range of ±20mV p p to ±6.0V p p . 

LOW PHASE ERROR AMPLIFIER 

The simple amplifier depicted in Figure 14 utilizes the monolithic 
dual OP-260 and a few resistors to substantially reduce phase error 
over a wide frequency range compared to conventional amplifier 



FIGURE 14: Active feedback allows cancellation of the dominant 
pole, therefore reducing the phase shift significantly. 
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designs. This technique relies on the matched frequency charac- 
teristics of the two current feedback amplifiers in the OP-260. Re- 
ferring to the circuit, notice that each amplifier has the same feed- 
back resistor network, corresponding to a gain of 1 00. Since these 
two amplifiers are set at equal gain and are matched due to the 
monolithic construction of the OP-260, they will have an identical 
frequency response. A pole in the feedback loop of an amplifier 
becomes a zero in the closed loop response. With one amplifier in 
the feedback loop of the other, the pole and zero are at the same 
frequency, thus cancelling and reducing low phase error. Figure 1 5 
shows that the low phase error amplifier at a gain of 1 00 exhibits 1 ° 
of phase error up to a frequency of 1 MHz. For a single voltage 
feedback op amp to match this performance, it would require a gain- 
bandwidth product exceeding 10GHz! 



100k 1M 

FREQUENCY (Hz) 


voltage of the instrumentation amplifier is determined by the V |0S 
matching of the OP-260, which is typically under 0.5m V. 

Figure 1 7 shows the relationship between gain and bandwidth for 
the instrumentation amplifier. Reducing resistors R 1 to R 4 to 2.5kQ 
increases the bandwidth but makes circuit performance more de- 
pendent on board layout. 



FIGURE 1 6: High Speed Instrumentation Amplifier 


FIGURE 1 5: Phase response of the ultra-low phase error ampli- 
fier compared to that of a single current feedback amplifier. Note 
that there is only one degree of phase error over a 1 MHz band- 
width at a gain of 1 00. 

HIGH-SPEED INSTRUMENTATION AMPLIFIER 

The circuit of Figure 16 is a high-speed instrumentation amplifier 
constructed with a single OP-260. Gain of the amplifier is set by 
resistor R Q according to the following formula: 

Vqut _ 1 0kfl | o 
Vin Rg 

The advantages of the two op amp instrumentation amplifier is that 
the errors in the individual amplifiers tend to cancel one another. 
Common-mode rejection is limited by the matching of resistors R 1 
to R 4 . For the best CMR performance, these resistors should be 
matched to 0.01 % or a CMR trim can be performed on R 1 . A CMRR 
of 90dB (measured at 60Hz) is achievable at all gains. Input offset 



tation amplifier. 


* PSpice is a registered trademark of MicroSim Corporation. 
** HSpice is a tradename of Meta-Software, Inc. 
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OP-260 SPICE MACRO-MODEL 

Figure 1 8 shows the SPICE macro-model for the OP-260 dual, 
high-speed, current feedback operational amplifier. This model 
was tested with, and is compatible with PSpice* and HSpice**. 
The schematic and net-list are included here so that the model 
can easily be used. This model uses a unique current feedback 
topology to accurately model both the AC and DC characteris- 
tics of the OP-260. In addition, this model can accommodate any 
number of poles and zeros to further shape the AC response. 

This model consists of one of the op amps in the dual OP-260 
package. To use this model as a dual, just call up the model twice 
and specify the same power supplies for each op amp. The OP- 
260 SPICE macro-model uses four BJT transistors to create the 
input buffer just as the actual device does. However, the rest of 
the model contains only ideal linear elements and ideal diodes 
to model the OP-260’s behavior. Using only four transistors 
reduces simulation time and simplifies model development. It 
simulates important DC parameters such as V os , l B , CMR, V Q 
and l SY . AC parameters such as slew rate, open-loop transim- 
pedance and phase response and CMR changes with fre- 
quency are also simulated by the model. In addition, the model 
includes the change in input bias current with varying common- 
mode and power supply voltages. Both output swing and supply 
current are accurately modelled. 


To keep the OP-260 model as simple as possible and thus save 
computer and development time, not all features of the op amp 
were modelled as listed below: 

- PSR 

- Crosstalk 

- Varying slew rate with closed-loop gain 

- No limits on power supply voltages 

- Maximum input voltage range 

-Temperature effects (i.e., model parameters are assumed 
at 25°C) 

- Input noise voltage and current sources 

- Parameter variations for Monte Carlo analysis (i.e., all 
parameters are typical only) 

These parameters are considered second-order effects and are 
not considered necessary for circuit simulation under normal 
operating conditions. However, users can easily add these func- 
tions as needed. 


* PSpice is a registered trademark of MicroSim Corporation. 
** HSpice is a tradename of Meta-Software, Inc. 


REV. C 


OPERATIONAL AMPLIFIERS 2-283 



OP-260 








OP-260 


| OP-260 MACRO-MODEL ©pmi 1989 


* OUTPUT STAGE 



• SUBCKT OP-260 

1 2 24 99 50 


R13 18 

99 

3.333E3 



* 






R14 18 

50 

3.333E3 



‘INPUT STAGE 




R15 23 

99 

150 



* 






R16 23 

50 

150 



R1 

99 

8 

4K 



LI 23 

24 

1.5E-8 



R2 

10 

50 

4K 



CF1 24 

2 

1.8P 



VI 

99 

9 

1.1 



G9 21 

50 

17 23 

6.66667E-3 


D1 

9 

8 

DX 



G10 22 

50 

23 17 

6.66667E-3 


V2 

11 

50 

1.1 



G11 23 

99 

99 17 

6.66667E-3 


D2 

10 

11 

DX 



G12 50 

23 

17 50 

6.66667E-3 


11 

99 

5 

150U 



V5 19 

23 

1.55 



12 

4 

50 

150U 



V6 23 

20 

1.55 



Q1 

50 

3 5 

QP 



D5 17 

19 

DX 



Q2 

99 

3 4 

QN 



D6 20 

17 

DX 



Q3 

8 

6 2 

QN 



D7 99 

21 

DX 



Q4 

10 

7 2 

QP 



D8 99 

22 

DX 



R3 

5 

6 

14.3K 



D9 50 

21 

DY 



R4 

4 

7 

14.3K 



D10 50 

22 

DY 



Cl 

99 

6 

0.1 33P 



* 





C2 

50 

7 

0.1 33P 



‘MODELS USED 



* INPUT ERROR SOURCES 



.MODEL 

QN 

NPN (BF = 1E9 

IS = IE-15 

VAF = 150) 

* 






.MODEL 

QP 

PNP (BF = 1E9 

IS = IE-15 

VAF = 1 50) 

GB1 

99 

2 

POLY(1) 

1 18 3E-6 4E-8 

.MODEL 

DX 

D (IS = IE-15) 



IB1 

99 

1 

2E-7 



.MODEL 

DY 

D (IS = IE-15 

BV =50) 


VOS 

3 

1 

IE-3 



.ENDS OP-260 




CS1 

99 

2 

0.8E-12 








CS2 

50 

2 

0.8E-12 








; GAIN STAGE & DOMINANT POLE 







R5 

12 

99 

10E6 








R6 

12 

50 

10E6 








C3 

12 

99 

0.6P 








C4 

12 

50 

0.6P 








G1 

99 

12 

POLY ( 1 ) 

99 8 

4E-3 0.25E-3 






G2 

12 

50 

POLY 1 

10 50 

4E-3 0.25E-3 






V3 

99 

13 

2 2 








V4 

14 

50 

2.2 








D3 

12 

13 

DX 








D4 

14 

12 

DX 








* POLE AT 64 MHz 









R7 

15 

99 

1E6 








R8 

15 

50 

1E6 








C5 

15 

99 

2.5E-15 








C6 

15 

50 

2.5E-15 








G3 

99 

15 

12 18 

IE-6 







G4 

15 

50 

18 12 

IE-6 







‘ POLE AT 72 MHz 









R9 

16 

99 

1E6 








RIO 

16 

50 

1E6 








C7 

16 

99 

2.2E-15 








C8 

16 

50 

2.2E-15 








G5 

99 

16 

15 18 

IE-6 







G6 

16 

50 

18 15 

IE-6 







‘POLE AT 80 MHz 









| R11 

17 

99 

1E6 








1 R12 

17 

50 

1E6 








C9 

17 

99 

2E-15 








CIO 

17 

50 

2E-15 








G7 

99 

17 

16 18 

IE-6 







G8 

17 

50 

18 16 

IE-6 







FIGURE 19: 

: OP-260 SPICE Net-List 
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ANALOG 

DEVICES 


High Speed Dual 
Operational Amplifier 


OP-271 


FEATURES 


• Excellent Speed 8.5V/ps Typ 

• Fast Settling (0.01%) 2ps Typ 

• Unity-Gain Stable 

• High Gain-Bandwidth 5MHz Typ 

• Low Input Offset Voltage 200pV Max 

• Low Offset Voltage Drift 2pV/°C Max 

• High Gain 400V/mV Min 

• Outstanding CMR 106 dB Min 


• Industry Standard 8-Pin Dual Pinout 

• Available in Die Form 


ORDERING INFORMATION 1 


T a = +25°C 

v os max 
m 


PACKAGE 


OPERATING 

TEMPERATURE 

RANGE 

CERDIP 

8-PIN 

PLASTIC 

LCC 

20-CONTACT 

200 

OP271AZ* 

- 

OP271 ARC/883 

MIL 

200 

OP271 EZ 

- 

- 

XND 

300 

OP271 FZ 

- 

- 

XND 

400 

- 

OP271GP 

- 

XND 

400 

- 

OP271GStt 

- 

XND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 

number. Consult factory for 883 data sheet, 
t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages, 
ft For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


GENERAL DESCRIPTION 

The OP-271 is a unity-gain stable monolithic dual op amp featur- 
ing excellent speed, 8.5V/ps typical, and fast settling time, 2ps 
typical to 0. 01 %. The OP-271 has a gain-bandwidth of 5MHz with 
a high phase margin of 62°. 


Input offset voltage of the OP-27 1 is under 200pV with input offset 
voltage drift below 2pV/°C, guaranteed over the full military tem- 
perature range. Open-loop gain exceeds 400,000 into a 1 OkQ load 
ensuring outstanding gain accuracy and linearity. The input bias 
current is under 20nA limiting errors due to source resistance. 
The OP-271 ’s outstanding CMR, over 106dB, and low PSRR, 
under 5.6 |liV/V, reduce errors caused by ground noise and power 
supply fluctuations. In addition, the OP-271 exhibits high CMR 
and PSRR over a wide frequency range, further improving system 
accuracy. Continued 


PIN CONNECTIONS 


o 5 o 
±o± 


✓muirasiiis 

N.C. T\ [TS N.C. 

-IN A IQ [77 OUT B 

N.c. Tj [Te N.C. 

+INA jTJ [7| -INB 

N.C. 1T| [77 N.C. 

vElMI’MEi/ 

d 4. d m d 

2 > Z ? z 
+ 

LCC 

(RC-Suffix) 


-IN A 
+IN A 
N.C. 

V- 
N.C. 
+INB 
-IN B 
N.C. 



16-PIN SOL 
(S-Sufflx) 



T| v+ 

T} OUT B 
±\ -IN B 
T] +IN B 


EPOXY MINI-DIP 
(P-Suffix) 

8-PIN HERMETIC DIP 
(Z-Suffix) 


SIMPLIFIED SCHEMATIC (One of the two amplifiers is shown.) 
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The OP-271 offers outstanding DC and AC matching between 
channels. This is especially valuable for applications such as 
multiple gain blocks, high-speed instrumentation and ampli- 
fiers, buffers and active filters. 

The OP-271 conforms to the industry standard 8-pin dual op 
amp pinout. It is pin compatible with the TL072, TL082, 
LF412, and 1458/1558 dual op amps and can be used to 
significantly improve systems using these devices. 

For applications requiring lower voltage noise, see the OP- 
270. For a quad version of the OP-271, see the OP-471. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage ±18V 

Differential Input Voltage (Note 2) ±1 .0V 

Differential Input Current (Note 2) ±25mA 

Input Voltage Supply Voltage 

Output Short-Circuit Duration Continuous 

Storage Temperature Range -65°Cto +150°C 


Lead Temperature (Soldering, 60 sec) +300°C 

Junction Temperature (T.) -65°Cto +150C 

Operating Temperature Range 

OP-271 A -55°C to +125°C 

OP-271 E, OP-271 F, OP-271 G -40°C to +85°C 


PACKAGE TYPE 

© jA (Note3) 

e ic 

UNITS 

8-Pin Hermetic DIP (Z) 

134 

12 

°C/W 

8-Pin Plastic DIP (P) 

96 

37 

°c/w 

20-Contact LCC (RC) 

88 

33 

°C/W 

8-Pin SO(S) 

92 

27 

°C/W 


NOTES: 

1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2. The OP-271 's inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise performance. If differential 
voltage exceeds ±1 .0V, the input current should be limited to ±25mA. 

3. 0j A is specified for worst case mounting conditions, i.e., ©^ is specified for 
device in socket for CerDIP, P-DIP, and LCC packages; ©- A is specified for 
device soldered to printed circuit board for SOL package. 


ELECTRICAL CHARACTERISTICS at V s = ±15V, T A = +25°C, unless otherwise noted. 





OP-271 A/E 



OP-271 F 



OP-271 G 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset 

Voltage 

v os 


- 

75 

200 

- 

150 

300 

- 

200 

400 

pV 

Input Offset 

Current 

'os 

V CM = 0V 

- 

1 

10 

- 

4 

15 

- 

7 

20 

nA 

Input Bias 

Current 


V CM = 0V 

- 

4 

20 

- 

6 

40 

- 

12 

60 

nA 

Input Noise 













Voltage 

Density 

e n 

f Q = 1 kHz 

— 

7.6 

— 

— 

7.6 


— 

7.6 

~ 

n V/ Hz 

Large-Signal 


V Q = ±10V 











Voltage 

o 

> 

< 

R l = 10kQ 

400 

650 

- 

300 

500 

- 

250 

400 

- 

V/ mV 

Gain 

R l = 2kQ 

300 

500 

- 

200 

300 

- 

175 

250 

- 


Input Voltage 
Range 

IVR 

(Note 1) 

±12 

±12.5 

- 

±12 

±12.5 

- 

±12 

±12.5 

- 

V 

Output Voltage 
Swing 

v o 

R l & 2kQ 

±12 

±13 

- 

±12 

±13 

- 

±12 

±13 

- 

V 

Common-Mode 

Rejection 

CMR 

V CM = ±12V 

106 

120 

- 

100 

115 

- 

90 

105 

- 

dB 

Power Supply 













Rejection 

Ratio 

PSRR 

V s = ±4.5V to ±1 8V 

- 

0.6 

3.2 

— 

1.8 

5.6 


2.4 

7.0 

pV/V 

Slew Rate 

SR 


5.5 

8.5 

- 

5.5 

8.5 

- 

5.5 

8.5 

- 

V/ps 

Phase Margin 

0 m 

+ 

ii 

> 

< 

- 

62 

- 

- 

62 

- 

- 

62 

- 

deg 

Supply Current 
(All Amplifiers) 

'sY 

No Load 

- 

4.5 

6.5 

- 

4.5 

6.5 

- 

4.5 

6.5 

mA 

Gain Bandwidth 
Product 

GBW 


- 

5 

- 

- 

5 

- 

- 

5 

- 

MHz 

Channel 


V~ - 20V 










dB 

CS 

O p-p 

125 

175 


125 

175 



175 


Separation 

f o = 10Hz (Note 2) 





Input Capacitance 

C,N 


- 

3 

- 

- 

3 

- 

- 

3 

- 

pF 

Input Resistance 
Differential-Mode 

r in 


- 

0.4 

- 

- 

0.4 

- 

- 

0.4 

- 

MQ 

Input Resistance 
Common-Mode 

r incm 


- 

20 

- 

- 

20 

- 

- 

20 

- 

GQ 

Settling Time 

t s 

A v = +1,10V Step 
to 0.01% 

- 

2 

- 

- 

2 

- 

- 

2 

- 

pS 


NOTES: 

1 . Guaranteed by CMR test. 

2. Guaranteed but not 1 00% tested. 
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ELECTRICAL CHARACTERISTICS at V s - +15V, - 

-55°C < T a < 125°C for OP-271 A, unless otherwise noted. 





OP-271 A 




PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 


UNITS 

Input Offset Voltage 

v os 


- 

115 

400 


mV 

Average Input 

tcv os 



0.4 

2 


mV/°C 

Offset Voltage Drift 





Input Offset Current 

■os 

> 

o 

II 

5 

- 

1.5 

30 


nA 

Input Bias Current 

•b 

v CM = ov 

- 

7 

60 


nA 



v 0 = ±iov 






Large-Signal 

A vo 

R l = lOkft 

300 

600 

_ 


V/mV 

Voltage Gain 

R L = 2kft 

200 

500 

- 



Input Voltage Range 

IVR 

(Note 1) 

±12 

±12.5 

- 


V 

Output Voltage Swing 

Vo 

R l > 2kn 

±12 

±13 

- 


V 

Common-Mode 

CMR 

V C m = ±12V 

100 

120 



dB 



Rejection 







Power Supply 

PSRR 

V s = ±4.5V to ±18V 


1.0 

5.6 


M v/v 

Rejection Ratio 







Supply Current 

■SY 

No Load 


5.3 

7.5 


mA 

(All Amplifiers) 







NOTE: 

1. Guaranteed by CMR test. 


ELECTRICAL CHARACTERISTICS at V g = ±15V, -40°C s T A s ±85°C, unless otherwise noted. 






OP-271 A/E 



OP-271 F 



OP-271 G 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset 
Voltage 

v os 


- 

100 

330 

- 

215 

560 

- 

300 

700 

mV 

Average Input 













Offset Voltage 
Drift 

TCV OS 


- 

0.4 

2 


1 

4 

~ 

2.0 

5 

mV/°c 

Input Offset 
Current 

'os 

V CM = 0V 

- 

1 

30 

- 

5 

40 

~ 

15 

50 

nA 

Input Bias 

Current 


V CM = 0V 

- 

6 

60 

- 

10 

70 

~ 

15 

80 

nA 

Large-Signal 


V o = ±10V 











Voltage 

<> 

o 

R L = lOkfi 

300 

600 

- 

200 

500 

- 

150 

400 

- 

V/mV 

Gain 


R l = 2kQ 

200 

500 

- 

100 

400 

- 

90 

300 

- 


Input Voltage 
Range 

IVR 

(Note 1) 

±12 

±12.5 

- 

±12 

±12.5 

- 

±12 

±12.5 

- 

V 

Output Voltage 
Swing 

v o 

R l i 2kQ 

±12 

±13 

- 

±12 

±13 

- 

±12 

±13 

- 

V 

Common-Mode 

Rejection 

CMR 

v cm = ±12V 

100 

120 

- 

94 

115 

- 

90 

100 

- 

dB 

Power Supply 













Rejection 

Ratio 

PSRR 

Vg = ±4.5V to ±1 8V 


0.7 

5.6 

~ 

51.8 

10 

~ 

2.0 

15 

MV/V 

Supply Current 
(All Amplifiers) 

*SY 

No Load 

- 

5.2 

7.2 

~ 

5.2 

7.2 

- 

5.2 

7.2 

mA 


NOTE: 

1 . Guaranteed by CMR test. 
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DICE CHARACTERISTICS 



WAFER TEST LIMITS at V s = ±15V, T A = 25°C, unless otherwise noted. 





OP-271GBC 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Input Offset Voltage 

V OS 


300 

M V MAX 

Input Offset Current 

•os 

> 

o 

II 

>° 

15 

nA MAX 

Input Bias Current 

■b 

> 

o 

5 

>° 

40 

nA MAX 

Large-Signal 

Voltage Gain 

a vo 

v 0 = ±iov 
r l = iokn 

R l = 2kfl 

300 

200 

V/mV MIN 

Input Voltage Range 

IVR 

(Note 1) 

±12 

V MIN 

Output Voltage Swing 

Vo 

R L >2kfl 

±12 

V MIN 

Common-Mode Rejection 

CMR 

V C m = ±12V 

100 

dB MIN 

Power Supply 

Rejection Ratio 

PSRR 

V s = ±4.5V to ±18V 

5.6 

MV/V MAX 

Supply Current 
(All Amplifiers) 

•sy 

No Load 

6.5 

mA MAX 


NOTES: 

1. Guaranteed by CMR test. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaran- 
teed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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INPUT BIAS CURRENT (nA) CURRENT NOISE DENSITY (pA/n/hT ) VOLTAGE NOISE DENSITY (nV//HT ) 


OP-271 


TYPICAL PERFORMANCE CHARACTERISTICS 


VOLTAGE NOISE DENSITY 
vs FREQUENCY 


VOLTAGE NOISE DENSITY 
vs SUPPLY VOLTAGE 


TOTAL HARMONIC DISTORTION 
vs FREQUENCY 



FREQUENCY (Hz) 


SUPPLY VOLTAGE (VOLTS) 


FREQUENCY (Hz) 


CURRENT NOISE DENSITY 
vs FREQUENCY 



10 100 Ik 10k 

FREQUENCY (Hz) 


INPUT OFFSET VOLTAGE 
vs TEMPERATURE 



WARM-UP OFFSET 
VOLTAGE DRIFT 



TEMPERATURE (°C) 


TIME (MINUTES) 


INPUT BIAS CURRENT INPUT OFFSET CURRENT INPUT BIAS CURRENT vs 

vs TEMPERATURE vs TEMPERATURE COMMON-MODE VOLTAGE 



-2 I —I I L — J I I I I -5 * 1 1 1 1 i 1 1 1 2 I I I 1— ) I I I I I I 

-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 -12.5 -10 -7.5 -5 -2.5 0 2.5 5 7.5 10 12.5 

TEMPERATURE (°C) TEMPERATURE (°C) COMMON-MODE VOLTAGE (VOLTS) 
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OPEN-LOOP GAIN (dB) PSR (dB) CMR (dB) 


OP-271 

TYPICAL PERFORMANCE CHARACTERISTICS Continued 


CMR vs FREQUENCY 


1 

!!!! 

III! 

| 

lima 

! 

■Ill Hill III 

1 



Ill 


mi 





111 



III 


■ 





III! 



III 


min 





Ill 



III 


ii 





111 



III 


min 





III! Ill 



■ 


mu 





mil 



III 


inn 





mil in 



III 


mu 





II H III 



III 


mu 





i® III 


S 



mu 





mini 

IHMIIIIII 





mini! 


1 10 100 Ik 10k 100k 1M 


TOTAL SUPPLY CURRENT 



0 ±5 ±10 ±15 ±20 
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GAIN-BANDWIDTH PRODUCT (MHz) 










TYPICAL PERFORMANCE CHARACTERISTICS Continued 


OP-271 


MAXIMUM OUTPUT SWING MAXIMUM OUTPUT VOLTAGE 




OUTPUT IMPEDANCE 



100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


LOAD RESISTANCE (ft) 


FREQUENCY (Hz) 


SLEW RATE 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


CHANNEL SEPERATION 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


LARGE-SIGNAL 
TRANSIENT RESPONSE 



SMALL-SIGNAL 
TRANSIENT RESPONSE 



T a = 25°C 
V s = ±15V 
Ay = +1 
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APPLICATIONS INFORMATION 

CAPACITIVE LOAD DRIVING AND POWER 
SUPPLY CONSIDERATIONS 

The OP-271 is unity-gain stable and is capable of driving large 
capacitive loads without oscillating. Nonetheless, good supply 
bypassing is highly recommended. Proper supply bypassing 
reduces problems caused by supply line noise and improves 
the capacitive load driving capability of the OP-271. 

In the standard feedback amplifier, the op amp’s output 
resistance combines with the load capacitance to form a low- 
pass filter that adds phase shift in the feedback network and 
reduces stability. A simple circuit to eliminate this effect is shown 
in Figure 1. The added components, Cl and R3, decouple the 
amplifier from the load capacitance and provide additional 
stability. The values of Cl and R3 shown in Figure 8 are for a load 
capacitance of up to lOOOpF when used with the OP-271. 


FIGURE 1: Driving Large Capacitive Loads 



UNITY-GAIN BUFFER APPLICATIONS 

When R f < 1000 and the input is driven with a fast, large-signal 
pulse (>1 V), the output waveform will look as shown in Figure 2. 

During the fast feedthrough-like portion of the output, the input 
protection diodes effectively short the output to the input, and a 
current, limited only by the output short-circuit protection, will 
be drawn by the signal generator. With R f > 5000, the output is 
capable of handling the current requirements (l|_ < 20mA at 
10V); the amplifier will stay in its active mode and a smooth 
transition will occur. 


FIGURE 2: Pulsed Operation 



Rf 






O + 

^ ~}\ OP-27 ^> — ‘ 

► o 8 ' 5V/ #‘ S 



/ 


When R f > 3kO, a pole created by Rf and the amplifier’s input 
capacitance (3pF) creates additional phase shift and reduces 
phase margin. A small capacitor in parallel with R f helps 
eliminate this problem. 

COMPUTER SIMULATIONS 

Many electronic design and analysis programs include models 
for op amps which calculate AC performance from the location 
of poles and zeros. As an aid to designers utilizing such a 
program, major poles and zeros of the OP-271 are listed below. 
Their location will vary slightly between production lots. 
Typically, they will be within ±15% of the frequency listed. Use 
of this data will enable the designer to evaluate gross circuit 
performance quickly, but should not supplant rigorous charac- 
terization of a breadboarded circuit. 


POLES 

ZEROS 

15 Hz 

2.5 MHz 

1.2 MHz 

4 X 23 MHz 

2 X 32 MHz 

— 

8X40 MHz 

— 


APPLICATIONS 

LOW PHASE ERROR AMPLIFIER 

The simple amplifier depicted in Figure 3 utilizes a monolithic 
dual operational amplifier and a few resistors to substantially 
reduce phase error compared to conventional amplifier designs. 
At a given gain, the frequency range for a specified phase 
accuracy is over a decade greater than for a standard single op 
amp amplifier. 

The low phase error amplifier performs second-order frequency 
compensation through the response of op amp A2 in the 
feedback loop of A1. Both op amps must be extremely well 
matched in frequency response. At low frequencies, the A1 
feedback loop forces V 2 /(K1 + 1) = V| N . The A2 feedback loop 
forces V 0 /(K1 + 1) = V 2 /(K1 + 1) yielding an overall transfer 
function of V 0 /V )N = K1 + 1. The DC gain is determined by the 
resistor divider at the output, Vq, and is not directly affected by 
the resistor divider around A2. Note that, like a conventional 
single op amp amplifier, the DC gain is set by resistor ratios 
only. Minimum gain for the low phase error amplifier is 10. 



2-294 OPERATIONAL AMPLIFIERS 


REV. B 






OP-271 


FIGURE 4: Phase Error Comparison 



Figure 4 compares the phase error performance of the low 
phase error amplifier with a conventional single op amp 
amplifier and a cascaded two-stage amplifier. The low phase 
error amplifier shows a much lower phase error, particularly for 
frequencies where (o/(l(oj< 0.1. For example, phase error of 
—0.1° occurs at 0.002 for the single op amp amplifier, but 

at 0.11 (o/p<oj for the low phase error amplifier. 

For more detailed information on the low phase error amplifier, 
see Application Note AN-107. 


DUAL 12-BIT VOLTAGE OUTPUT DAC 

The dual voltage output DAC shown in Figure 5 will settle to 
12-bit accuracy from zero to full scale in 2/iS typically. The 
CMOS DAC-8222 utilizes a 12-bit, double-buffered input struc- 
ture allowing faster digital throughput and minimizing digital 
feedthrough. 

FAST CURRENT PUMP 

Maximum output current of the fast current pump shown in 
Figure 6 is ±11 mA. Voltage compliance exceeds ±10V with 
±15V supplies. The current pump has an output resistance of 
over 3MO and maintains 12-bit linearity over its entire output 
range. 


FIGURE 6: Fast Current Pump 



FIGURE 5: Dual 12-Bit Voltage Output DAC 


+15V 
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DEVICES 


FEATURES 
''Sounds Good" 

Low Noise: 5 nV/VHz 
Low Distortion: 0.0006% 

High Slew Rate: 20 V/jjis 

Wide Bandwidth: 8 MHz 

Low Supply Current: 2 mA/Amplifier 

Low Offset Voltage: 1 mV 

Low Offset Current: 2 nA 

Unity Gain Stable 

APPLICATIONS 

High Performance Audio 

Active Filters 

Fast Amplifiers 

Integrators 


GENERAL DESCRIPTION % 

The OP-275 is the first amplifier to feature the Butler Amplifier 
front-end. This new front-end design combines the accuracy and 
low noise performance of bipolar transistors with the speed and 
sound quality of JFETs. This yields better THD and noise per- 
formance than previous audio amplifiers, at much lower supply 
currents. 

Bias and offset currents are also greatly reduced over bipolar 
designs. 

The OP-275 is specified over the extended industrial and mili- 
tary temperature ranges. OP-275s are available in plastic and 
ceramic DIP plus SOIC 8-pin surface mount packages. 

ORDERING GUIDE 


Dual Bipolar/JFET, Low Distortion 
Operational Amplifier 


OP-275* 


Model 

Temperature 

Range 

Package Option 

OP275AZ/883 

-55°C to +125°C 

14-Pin Cerdip 

OP275 ARC/883 

-55°C to +125°C 

20-Contact LCC 

OP275GP 

— 40°Cto+85°C 

8-Pin Plastic DIP 

OP275GS 

— 40°C to +85°C 

8-Pin SOIC 

OP275GBC 

+25°C 

DICE 


PIN CONNECTIONS 


8-Lead Narrow Body SOIC 8-Lead Epoxy DIP 

(S Suffix) (P Suffix) 


OUT A (T ■%. T\ v+ 

-IN A g j/A XJ-7]0UTB 
*IN A g — J e] -fN B 

V ‘ E OP-275 3 *' NB 


'1 

1 

P 





ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±18 V 

Input Voltage 2 ±18V 

Differential Input Voltage 2 36 V 

Output Short-Circuit Duration Limited 

Storage Temperature Range 

Y, Z, RC Package -65°C to + 175°C 

P, S Package -65°C to + 150°C 

Operating Temperature Range 

OP-275 A -55°C to +125°C 

OP-275G — 40°C to +85°C 

Junction Temperature Range 

Y, Z, RC Package -65°C to +150°C 

P, S Package -65°C to +150°C 

Lead Temperature Range (Soldering, 60 sec) +300°C 


Package Type 

Oja 3 

Ojc 

Units 

8-Pin Cerdip (Z) 

148 

16 

°C/W 

8-Pin Plastic DIP (P) 

103 

43 

°c/w 

8-Pin SOIC (S) 

158 

43 

°c/w 

20-Contact LCC (RC) 

NA 

NA 

°c/w 


*Patent pending. 


NOTES 

'Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2 For supply voltages less than ±18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

3 0 ja is specified for the worst case conditions, i.e., 0 JA is specified for device in 
socket for cerdip, P-DIP, and LCC packages; 0 JA is specified for device 
soldered in circuit board for SOIC package. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP-275— SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS (@ V s =±15.0 V, T a = +25°C unless otherwise specified.) 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

INPUT CHARACTERISTICS 







Offset Voltage 

v os 



1 


mV 

Input Bias Current 

Ib 

V CM = 0V 


150 


nA 

Input Offset Current 

los 

Vcm = 0 V 


2 


nA 

Input Voltage Range 

v CM 


-11 


+ 11 

V 

Common-Mode Rejection 

CMR 

> 

+1 

£ 

86 



dB 

Large Signal Voltage Gain 

A vo 

r l = 600 a 


200 


V/mV 

Offset Voltage Drift 

av os /at 



5 


|xV/°C 

OUTPUT CHARACTERISTICS 







Output Voltage Swing 

Vo 

r l = io kn _ | 

R l = 600 fi, V s = ±18 V fi* 

-13 


13 

V 




±17 


V 

Open Loop Output Resistance 

Rout 

% i ^ 




a 

POWER SUPPLY 


V s = ± 9 V w\su!s- 





Power Supply Rejection Ratio 

PSRR 


80 


dB 

Supply Current/Amplifier 

IsY 

V 0 = 0 V, R l = x 


2 


mA 

Supply Voltage Range 

V s 

iif% if ^3'^’ n 

±4.5 


±18 

V 

DYNAMIC PERFORMANCE 

: 






Slew Rate 

SR 

l, R^lg m 


20 


V/jJLS 

Full-Power Bandwidth 

Settling Time 

BW P 

*s 

% Jok % ^ 




kHz 

|XS 

Gain Bandwidth Product 

GBP 

V 


8 


MHz 

Total Harmonic Distortion 

THD 

@ 20 kHz 


0.002 


% 



@ 1 kHz 


0.0006 


% 

Phase Margin 

00 



62 


degrees 

NOISE PERFORMANCE 







Voltage Noise 

e n P“P 





M-V p-p 

Voltage Noise Density 

e n 

f = 30 Hz, V s = ±18 V, V IN = 10 V rms 


8 


nV/\/Hz 

Voltage Noise Density 

e n 

f = 1 kHz, V s = ±18 V, V IN = 10 V rms 


5 


nV/VHz 

Current Noise Density 

In 

f = 30 Hz 




pA/\/Hz 

Current Noise Density 

in 

f = 1 kHz 




pA/VHz 

Overshoot Factor 


Vin = mV, Ay D = 1, 

R l = 600 O, C L = 100 pF 


10 


% 


WAFER TEST LIMITS (@ V s =±15.0 V, T a = +25°C unless otherwise specified.) 


Parameter 

Symbol 

Conditions 

Limit 

Units 

Offset Voltage 

V os 



mV max 

Input Bias Current 

Ib 

Vcm = 0 V 


nA max 

Input Offset Current 

los 

V CM = 0 V 


nA max 

Input Voltage Range 1 




V min 

Common-Mode Rejection 

CMRR 

V CM = ± 11 V 


dB min 

Power Supply Rejection Ratio 

PSRR 

V = ±9 V to ±15 V 


pV/V 

Large Signal Voltage Gain 

Avo 

R l = 10 kO 


V/mV min 

Output Voltage Range 

Vo 

r l = io kn 


V min 

Supply Current/Amplifier 

IsY 

Vo = o V, R l = * 


mA max 


NOTES 

Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 

'Guaranteed by CMR test. 

Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 

• Excellent Speed 8V/,us Typ 

• Low Noise 11nV/\/ Hz @ 1kHz Max 

• Unity-Gain Stable 

• High Gain-Bandwidth 6.5MHz Typ 

• Low Input Offset Voltage 0.8mV Max 

• Low Offset Voltage Drift 4^uV/°C Max 

• High Gain 500V/mV Min 

• Outstanding CMR 105 dB Min 

• Industry Standard Quad Pinouts 

• Available in Die Form 

ORDERING INFORMATION f 


T a = +25°C 

PACKAGE 

OPERATING 

V 0 s MAX 

(|iV) CERDIP 

PLASTIC 

TEMPERATURE 
LCC* RANGE 

800 OP471AY* 

- 

OP471ATC/883 MIL 

800 

- 

OP471 ARC/883 MIL 

800 OP471EY 

- 

IND 

1500 OP471FY 

- 

IND 

1800 

OP471GP 

XIND 

1800 

OP471GS n 

XIND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 

number. Consult factory for 883 data sheet, 
t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages, 
tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


GENERAL DESCRIPTION 

The O P-471 is a monolithic quad op amp featuring low noise, 
11nV/V Hz Max @ 1kHz, excellent speed, 8V//us typical, a 
gain-bandwidth of 6.5MHz, and unity-gain stability. 


High Speed Low Noise Quad 
Operational Amplifier 

OP-471 

The OP-471 has an input offset voltage under 0.8mV and an 
input offset voltage drift below 4juV/°C, guaranteed over the 
full military temperature range. Open loop gain of the OP-471 
is over 500,000 into a lOkil load insuring outstanding gain 
accuracy and linearity. The input bias current is under 25nA 


2 


PIN CONNECTIONS 



SIMPLIFIED SCHEMATIC (One of four amplifiers is shown.) 
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limiting errors due to signal source resistance. The OP-471’s 
CMR of over 105dB and PSRR of under 5.6/A//V significantly 
reduce errors caused by ground noise and power supply 
fluctuations. 

The OP-471 offers excellent amplifier matching which is 
important for applications such as multiple gain blocks, low- 
noise instrumentation amplifiers, quad buffers and low-noise 
active filters. 

The OP-471 conforms to the industry standard 14-pin DIP 
pinout. It is pin compatible with the OP-11, LM148/149, 
HA4741, RM4156, MC33074, TL084 and TL074 quad op amps 
and can be used to upgrade systems using these devices. 

For applications requiring even lower volta ge noise the OP- 
470, with a voltage density of 5nV/V Hz Max @ 1kHz, is 
recommended. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage ±1 8V 

Differential Input Voltage (Note 3) ±1 .0V 

Differential Input Current (Note 3) ±25mW 

Input Voltage Supply Voltage 

Output Short-Circuit Duration Continuous 

Storage Temperature Range 

P, RC, TC, Y-Package -65°C to +150°C 


Lead Temperature Range (Soldering, 60 sec) 300°G 

Junction Temperature (T.) -65°Cto +150°C 

Operating Temperature Range 

OP-471 A -55 °C to +125°C 

OP-471 E, OP-471 F -25°Cto +85°C 

OP-471 G -40°C to +85°C 


PACKAGE TYPE 

© jA (Note2) 

e ic 

UNITS 

14-Pin Hermetic DIP (Y) 

94 

10 

°c/w 

14-Pin Plastic DIP (P) 

76 

33 

°c/w 

20-Contact LCC (RC) 

78 

30 

°c/w 

28-Contact LCC (TC) 

70 

28 

°C/W 

16-Pin SOL (S) 

88 

23 

°c/w 


NOTES: 

1 . Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2. is specified for worst case mounting conditions, i.e., 0^ A is specified for 
device in socket for CerDIP, P-DIP, and LCC packages; 0- A is specified for 
device soldered to printed circuit board for SOL package. 

3. The OP-471's inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise performance. If differential 
voltage exceeds ±1 .0V, the input current should be limited to ±25mA. 


ELECTRICAL CHARACTERISTICS at V s = ±15V, T A = 25°C, unless otherwise noted. 





OP-471 A/E 


OP-471 F 



OP-471 G 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

v os 


- 

0.25 

0.8 

- 

0.5 

1.5 

- 

1.0 

1.8 

mV 

Input Offset Current 

•os 

o< 

s 

II 

o 

< 

- 

4 

10 

- 

7 

20 

- 

12 

30 

nA 

Input Bias Current 

*B 

> 

o 

II 

5 

o 

> 

- 

7 

25 

- 

15 

50 

- 

25 

60 

nA 

Input Noise Voltage 

e np-p 

0.1Hz to 10Hz 

(Note 1) 

- 

250 

500 

- 

250 

500 

- 

250 

500 

nVp.p 



f 0 = 10Hz 

— 

9 

16 

- 

9 

16 

— 

9 

16 


Input Noise 

e n 

f 0 = 100Hz 

- 

7 

12 

- 

7 

12 

- 

7 

12 

nV/v^Hz - 

Voltage Density 


f Q = 1kHz 
(Note 2) 


6.5 

11 


6.5 

11 


6.5 

11 


Input Noise 

Current Density 


f 0 = 10Hz 


1.7 


_ 

1.7 

_ 


1.7 



■n 

f 0 = 100Hz 

- 

0.7 

- 

- 

0.7 

- 

- 

0.7 

- 

pA/\/ Hz 


f 0 = 1kHz 

— 

0.4 

— 

— 

0.4 

~ 

— 

0.4 

— 




v 0 = +iov 











Large-Signal 

A VO 

R L = lOkfl 

500 

700 

_ 

300 

500 

_ 

300 

500 


V/mV 

Voltage Gain 






275 






R L = 2kll 

350 

550 

— 

175 

— 

175 

275 

— 


Input Voltage Range 

IVR 

(Note 3) 

±11 

±12 

- 

±11 

±12 

- 

±11 

±12 

- 

V 

Output Voltage Swing 

Vo 

R L >2kH 

±12 

±13 

- 

±12 

±13 

- 

±12 

±13 

- 

V 

Common-Mode Rejection CMR 

v CM = ±iiv 

105 

120 

- 

95 

115 

- 

95 

115 

- 

dB 

Power Supply 

Rejection Ratio 

PSRR 

V s = ±4.5V to ±18V 

- 

1 

5.6 

- 

5.6 

17.8 

- 

5.6 

17.8 

mV/V 

Slew Rate 

SR 


6.5 

8 

- 

6.5 

8 

- 

6.5 

8 

- 

V/jus 
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ELECTRICAL CHARACTERISTICS at V s = 

±15V, T a 

= 25°C, unless otherwise noted. (Continued) 







OP-471 A/E 

OP-471 F 



OP-471 G 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP MAX 

MIN TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Supply Current 
(All Amplifiers) 

*SY 

No Load 

- 

9.2 11 

— 9.2 

11 

- 

9.2 

11 

mA 

Gain-Bandwidth Product 

GBW 

A v = +10 

- 

6.5 — 

— 6.5 

- 

- 

6.5 

- 

MHz 

Channel Separation 

CS 

V G = 20Vp. p 
f 0 = 10Hz (Note 1) 

125 

150 — 

125 150 

- 

125 

150 

- 

dB 

Input Capacitance 

C IN 


- 

2.6 — 

— 2.6 

- 

- 

2.6 

- 

PF 

Input Resistance 

Differential-Mode 

R|N 


- 

1.1 — 

— 1.1 

- 

- 

1.1 

- 

Mil 

Input Resistance 




11 — 

— 11 



11 


Gil 


Common-Mode 

r incm 









A v = +1 









Settling Time 

t s 

to 0.1% 

- 

4.5 — 

— 4.5 

- 

- 

4.5 

- 

M S 



to 0.01% 

- 

7.5 — 

— 7.5 

- 

- 

7.5 

- 



NOTES: 

1. Guaranteed but not 100% tested. 

2. Sample tested. 

3. Guaranteed by CMR test. 


ELECTRICAL CHARACTERISTICS at V S = ±15V, -55°C <T A < 125°C for OP-471 A, unless otherwise noted. 





OP-471 A 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Vos 


- 

0.4 

1.2 

mV 

Average Input 

Offset Voltage Drift 

tcv os 


- 

1 

4 

mV/°C 

Input Offset Current 

■os 

> 

o 

II 

5 

>° 

- 

6 

20 

nA 

Input Bias Current 

■b 

V CM = 0V 

- 

16 

50 

nA 

Large-Signal 

Voltage Gain 

Avo 

V G = ±10V 

R l = lOkll 

R L = 2kll 

375 

250 

500 

350 

- 

V/mV 

Input Voltage Range 

IVR 

(Note 1) 

±11 

±12 

- 

V 

Output Voltage Swing 

v o 

R L > 2kll 

±12 

±13 

- 

V 

Common-Mode 

Rejection 

CMR 

V CM = ±11V 

100 

115 

- 

dB 

Power Supply 

Rejection Ratio 

PSRR 

V s = ±4.5V to ±18V 

- 

5.6 

10 

mV/V 

Supply Current 
(Ail Amplifiers) 

■SY 

No Load 

- 

9.3 

11 

mA 


NOTE: 

1. Guaranteed by CMR test. 
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ELECTRICAL CHARACTERISTICS at V s = ±1 5V f -25°C <T A < +85°C for OP-471 E/F, -40°C <T A < +85°C for OP-471 G, unless 
otherwise noted. 






OP-471 E 



OP-471 F 



OP-471 G 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

v os 


- 

0.3 

1.1 

- 

0.6 

2.0 

- 

1.2 

2.5 

mV 

Average Input 

Offset Voltage Drift 

TCVqs 


- 

1 

4 

- 

2 

7 

- 

4 

- 

yuV/°C 

Input Offset Current 

*os 

> 

o 

ll 

2 

>° 

- 

5 

20 

- 

8 

40 

- 

20 

50 

nA 

Input Bias Current 

■b 

> 

o 

2 

>° 

- 

13 

50 

- 

25 

70 

- 

40 

75 

nA 

Large-Signal 

Voltage Gain 

A vo 

V o = ±10V 

r l = iokn 

375 

600 


200 

400 


200 

400 


V/mV 


R l = 2kil 

250 

400 

- 

125 

200 

- 

125 

200 

- 


Input Voltage Range 

IVR 

(Note 1) 

±11 

±12 

- 

±11 

±12 

- 

±11 

±12 

- 

V 

Output Voltage Swing 

Vo 

R l > 2kll 

±12 

±13 

- 

±12 

±13 

- 

±12 

±13 

- 

V 

Common-Mode 

Rejection 

CMR 

V CM = ±11V 

100 

115 

- 

90 

110 

- 

90 

110 

- 

dB 

Power Supply 

Rejection Ratio 

PSRR 

V s = ±4.5V to ± 18V 

- 

3.2 

10 

- 

18 

31.6 

- 

18 

31.6 

mV/V 

Supply Current 
(All Amplifiers) 

•SY 

No Load 

- 

9.3 

11 

- 

9.3 

11 

- 

9.3 

11 

mA 


NOTE: 

1. Guaranteed by CMR test. 
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DICE CHARACTERISTICS 


1. OUT A 

2. -IN A 

3. + IN A 

4. V+ 

5. + IN B 

6. IN B 

7. OUT B 

8. OUT C 

9. -IN C 

10. + IN C 

11. V- 

12. + IN D 

13. -IN D 

14. OUT D 


DIE SIZE 0.163 X 0.106 inch, 17,278 sq. mils 
(4.14 x 2.69 mm, 11.14 sq. mm) 


1 

WAFER TEST LIMITS at V s - ±15V, T A = 

25°C, unless otherwise noted. 






OP-471 GBC 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Input Offset Voltage 

Vos 


1.5 

mV MAX 

Input Offset Current 

•os 

V C M = 0V 

20 

nA MAX 

Input Bias Current 

•b 

V C M = 0V 

50 

nA MAX 

Large-Signal 

Voltage Gain 

A vo 

V G = ±10V 

R l = lOklt 

R l = 2kll 

300 

175 

V/mV MIN 

Input Voltage Range 

IVR 

Note 1 

±11 

V MIN 

Output Voltage Swing 

Vo 

R L >2kn 

±12 

V MIN 

Common-Mode Rejection 

CMR 

VcM=iHV 

95 

dB MIN 

Power Supply 

Rejection Ratio 

PSRR 

V s = ±4.5V to ±18V 

17.8 

M V/V MAX 

Slew Rate 

SR 


6.5 

V//us MIN 

Supply Current 
(All Amplifiers) 

•SY 

No Load 

11 

mA MAX 


NOTES: 

1. Guaranteed by CMR test. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaran- 
teed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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CURRENT NOISE (pA/\ Hz ) VOLTAGE NOISE (iW/v/THT 


OP-471 


TYPICAL PERFORMANCE CHARACTERISTICS 


VOLTAGE NOISE DENSITY VOLTAGE NOISE DENSITY 

vs FREQUENCY vs SUPPLY VOLTAGE 0.1Hz TO 10Hz NOISE 



1 10 100 Ik 0 ±5 ±10 ±15 ±20 

FREQUENCY (Hz) SUPPLY VOLTAGE (VOLTS) 


CURRENT NOISE DENSITY 
vs FREQUENCY 

10.0 


1.0 


INPUT OFFSET VOLTAGE 
vs TEMPERATURE 




FREQUENCY (Hz) 


TEMPERATURE (°C) 


WARM-UP OFFSET 
VOLTAGE DRIFT 



TIME (MINUTES) 


INPUT BIAS CURRENT INPUT OFFSET CURRENT 

vs TEMPERATURE vs TEMPERATURE 



TEMPERATURE <°C) TEMPERATURE fC) 


INPUT BIAS CURRENT vs 
COMMON-MODE VOLTAGE 



6 


5 I I I 1 I 1 I I I 1 I 

-10.0 -5.0 0 5.0 10.0 

12.5 -7.5 -2.5 2.5 7.5 12.5 

COMMON-MODE VOLTAGE (VOLTS) 
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OPEN-LOOP GAIN (dB) PSR (dB) CMR (dB) 


TYPICAL PERFORMANCE CHARACTERISTICS 


OP-471 



TOTAL SUPPLY CURRENT 



0 ±5 ±10 ±15 ±20 


TOTAL SUPPLY CURRENT 
vs TEMPERATURE 



FREQUENCY (Hz) 


SUPPLY VOLTAGE (VOLTS) 


TEMPERATURE (°C) 



1 10 100 Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


OPEN-LOOP GAIN 



1 10 100 Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


CLOSED-LOOP GAIN 



Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


OPEN-LOOP GAIN, PHASE 



80 

100 

120 _ 
O 
Q 

140 JT 



200 

220 


1 2 3 5 7 10 

FREQUENCY (MHz) 


OPEN-LOOP GAIN 
vs SUPPLY VOLTAGE 



0 ±5 ±10 ±15 ±20 

SUPPLY VOLTAGE (VOLTS) 


GAIN-BANDWIDTH 
PRODUCT, PHASE MARGIN 
vs TEMPERATURE 



TEMPERATURE (°C) 
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SLEW RATE (V/ M s) PEAK-TO-PEAK AMPLITUDE (VOLTS) 


OP-471 


TYPICAL PERFORMANCE CHARACTERISTICS 


MAXIMUM OUTPUT SWING 



Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


MAXIMUM OUTPUT 
VOLTAGE vs 
LOAD RESISTANCE 



100 Ik 10k 

LOAD RESISTANCE (ft) 


CLOSED-LOOP 
OUTPUT IMPEDANCE 
vs FREQUENCY 



100 Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 



TOTAL HARMONIC 
DISTORTION vs FREQUENCY 



TEMPERATURE (°C) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


LARGE-SIGNAL 
TRANSIENT RESPONSE 



V s = ±15V 
A v = +1 


SMALL-SIGNAL 
TRANSIENT RESPONSE 



T;= 25° C 
v s = ±15V 
A v = +1 
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CHANNEL SEPARATION TEST CIRCUIT 


OP-471 


skn 



BURN-IN CIRCUIT 



APPLICATIONS INFORMATION 

VOLTAGE AND CURRENT NOISE 

The OP-471 is a very low-noise qua d op amp, exhibiting a 
typical voltage noise of only 6.5nV/\/ Hz @ 1kHz. The low 
noise characteristic of the OP-471 is in part achieved by 
operating the input transistors at high collector currents 
since the voltage noise is inversely proportional to the square 
root of the collector current. Current noise, however, is 
directly proportional to the square root of the collector 
current. As a result, the outstanding voltage noise perfor- 
mance of the OP-471 is gained at the expense of current noise 
performance which is typical for low noise amplifiers. 

To obtain the best noise performance in a circuit it is vital to 
understand the relationship between voltage noise (e n ), cur- 
rent noise (i n ), and resistor noise (e t ). 


TOTAL NOISE AND SOURCE RESISTANCE 

The total noise of an op amp can be calulated by: 

En = V(e n ) 2 + (in R s ) 2 + (e ,) 2 

where: 


E n = total input referred noise 
e n = op amp voltage noise 
i n = op amp current noise 
e t = source resistance thermal noise 
R s = source resistance 

The total noise is referred to the input and at the output would 
be amplified by the circuit gain. 

Figure 1 shows the relationship between total noise at 1kHz 
and source resistance. For Rs < 1 kll the total noise is domi- 



FIGURE 1: Total Noise vs Source Resistance (Including 
Resistor Noise) at 1kHz 



FIGURE 2: Total Noise vs Source Resistance (Including 
Resistor Noise) at 10Hz 
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nated by the voltage noise of the OP-471. As Rs rises above 
Ikil, total noise increases and is dominated by resistor noise 
rather than by voltage or current noise of the OP-471 . When 
Rs exceeds 20kfl, current noise of the OP-471 becomes the 
major contributor to total noise. 

Figure 2 also shows the relationship between total noise and 
source resistance, but at 10Hz. Total noise increases more 
quickly than shown in Figure 1 because current noise is 
inversely proportional to the square root of frequency. In 
Figure 2, current noise of the OP-471 dominates the total 
noise when R s > 5k(l. 

From Figures 1 and 2 it can be seen that to reduce total noise, 
source resistance must be kept to a minimum. In applications 
with a high source resistance, the OP-400, with lower current 
noise than the OP-471, will provide lower total noise. 

Figure 3 shows peak-to-peak noise versus source resistance 
over the 0.1 Hz to 10Hz range. Once again, at low values of Rs, 


FIGURE 3: Peak-To-Peak Noise (0.1Hz To 10Hz) vs Source 
Resistance (Includes Resistor Noise) 



the voltage noise of the OP-471 is the major contributor to 
peak-to-peak noise. Current noise becomes the major contri- 
butor as Rs increases. The crossover point between the OP- 
471 and the OP-400 for peak-to-peak noise is at R s = 17kn. 

The OP-470 is a lower noise version of the O P-471, with a 
typical noise voltage density of 3.2nV/\/ Hz @ 1kHz. The 
OP-470 offers lower offset voltage and higher gain than the 
OP-471, but is a slower speed device, with a slew rate of 2 V//lis 
compared to a slew rate of 8V///S for the OP-471. 

For reference, typical source resistances of some signal 
sources are listed in Table I. 


TABLE I 


DEVICE 

SOURCE 

IMPEDANCE 

COMMENTS 

Strain gauge 

<50on 

Typically used in low-frequency 
applications. 

Magnetic 

tapehead 

<i50on 

Low l B very important to reduce 
self-magnetization problems when 
direct coupling is used. OP-471 l B 
can be neglected. 

Magnetic 

phonograph 

cartridges 

<150011 

Similar need for low l B in direct 
coupled applications. OP-471 will not 
introduce any self-magnetization 
problem. 

Linear variable 

differential 

transformer 

<150011 

Used in rugged servo-feedback 
applications. Bandwidth of interest is 
400Hz to 5kHz. 


For further information regarding noise calculations, see 
“Minimization of Noise in Op-Amp Applications”, Applica- 
tion Note AN-15. 

NOISE MEASUREMENTS — 

PEAK-TO-PEAK VOLTAGE NOISE 

The circuit of Figure 4 is a test setup for measuring peak-to- 
peak voltage noise. To measure the 500nV peak-to-peak 


FIGURE 4: Peak-To-Peak Voltage Noise Test Circuit (0.1Hz To 10Hz) 


R3 
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noise specification of the OP-471 in the 0.1 Hz to 10Hz range, 
the following precautions must be observed: 

1. The device has to be warmed-up for at least five minutes. 
As shown in the warm-up drift curve, the offset voltage 
typically changes 13/uV due to increasing chip temperature 
after power-up. In the 10-second measurement interval, 
these temperature-induced effects can exceed tens- 
of-nanovolts. 

2. For similar reasons, the device has to be well-shielded 
from air currents. Shielding also minimizes thermocouple 
effects. 

3. Sudden motion in the vicinity of the device can also “feed- 
through” to increase the observed noise. 


FIGURE 5: 0.1Hz To 10Hz Peak-To-Peak Voltage Noise 
Test Circuit Frequency Response 



The test time to measure 0.1 Hz-to-IOHz noise should not 
exceed 10 seconds. As shown in the noise-tester fre- 
quency-response curve of Figure 5, the 0.1Hz corner is 
defined by only one pole. The test time of 10 seconds acts 
as an additional pole to eliminate noise contribution from 
the frequency band below 0.1Hz. 

5. A noise-voltage-density test is recommended when mea- 
suring noise on a large number of units. A 10Hz noise- 
voltage-density measurement will correlate well with a 
0.1 Hz-to-IOHz peak-to-peak noise reading, since both 
results are determined by the white noise and the location 
of the 1/f corner frequency. 

6. Power should be supplied to the test circuit by well 
bypassed low-noise supplies, e.g. batteries. These will 
minimize output noise introduced through the amplifier 
supply pins. 

NOISE MEASUREMENT — NOISE VOLTAGE DENSITY 

The circuit of Figure 6 shows a quick and reliable method of 
measuring the noise voltage density of quad op amps. Each 
individual amplifier is series-connected and is in unity-gain, 
save the final amplifier which is in a noninverting gain of 101. 
Since the ac noise voltages of each amplifier are uncorre- 
lated, they add in rms fashion to yield: 

e ouT= 101 (v^nA 2 + e nB 2 + e nC 2 + e nD 2 ) 

The OP-471 is a monolithic device with four identical amplifi- 
ers. The noise voltage density of each individual amplifier will 
match, giving: 

e 0U T= 101 (\/4e^) = 101 (2e n ) 


4. 


FIGURE 6: Noise Voltage Density Test Circuit 


R1 R2 
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FIGURE 7: Current Noise Density Test Circuit 



NOISE MEASUREMENT - CURRENT NOISE DENSITY 

The test circuit shown in Figure 7 can be used to measure 
current noise density. The formula relating the voltage output 
to current noise density is: 


where: 

G = gain of 10000 

Rs = lOOkO source resistance 

CAPACITIVE LOAD DRIVING AND POWER 
SUPPLY CONSIDERATIONS 

The OP-471 is unity-gain stable and is capable of driving 
large capacitive loads without oscillating. Nonetheless, good 
supply bypassing is highly recommended. Proper supply 
bypassing reduces problems caused by supply line noise and 
improves the capacitive load driving capability of the OP-471. 

In the standard feedback amplifier, the op amp’s output res- 
istance combines with the load capacitance to form a low- 
pass filter that adds phase shift in the feedback network and 
reduces stability. A simple circuit to eliminate this effect is 
shown in Figure 8. The added components, Cl and R3, 
decouple the amplifier from the load capacitance and provide 
additional stability. The values of Cl and R3 shown in Figure 
8 are for load capacitances of up to lOOOpF when used with 
the OP-471. 

In applications where the OP-471’s inverting or noninverting 
inputs are driven by a low source impedance (under 1000) or 
connected to ground, if V+ is applied before V- or when V-is 
disconnected, excessive parasitic currents will flow. Most 


FIGURE 8: Driving Large Capacitive Loads 



FIGURE 9: Pulsed Operation 


R, 
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applications use dual tracking supplies and with the device 
supply pins properly bypassed, power-up will not present a 
problem. A source resistance of at least 10011 in series with all 
inputs (Figure 8) will limit the parasitic currents to a safe level 
if V- is disconnected. It should be noted that any source 
resistance, even 10011, adds noise to the circuit. Where noise 
is required to be kept at a minimum, a germanium or Schottky 
diode can be used to clamp the V- pin and eliminate the 
parasitic current flow instead of using series limiting resistors. 
For most applications, only one diode clamp is required per 
board or system. 

UNITY-GAIN BUFFER APPLICATIONS 

When R f < 100(1 and the input is driven with a fast, large- 
signal pulse (>1 V), the output waveform will lookasshown in 
Figure 9. 

During the fast feedthrough-like portion of the output, the 
input protection diodes effectively short the output to the 
input, and a current, limited only by the output short-circuit 
protection, will be drawn by the signal generator. With R f > 
500(1, the output is capable of handling the current require- 
ments (l L < 20mA at 10V); the amplifier will stay in its active 
mode and a smooth transition will occur. 

When Rf > 3k(l, a pole created by Rf and the amplifier’s input 
capacitance (2.6pF) creates additional phase shift and reduces 
phase margin. A small capacitor (20 to 50pF) in parallel with 
Rf helps eliminate this problem. 

APPLICATIONS 
LOW NOISE AMPLIFIER 

A simple method of reducing amplifier noise by paralleling 
amplifiers is shown in Fig ure 10 . Amplifier noise, depicted in 
Figure 11, is around 5nV/\/ Hz @ 1kHz (R.T.I.). Gain for each 
paralleled amplifier and the entire circuit is 100. The 200(1 
resistors limit circulating currents and provide an effective 
output resistance of 50(1. The amplifier is stable with a 10nF 
capacitive load and can supply up to 30mA of output drive. 

HIGH-SPEED DIFFERENTIAL LINE DRIVER 

The circuit of Figure 12 is a unique line driver widely used in 
professional audio applications. With ± 18V supplies the line 
driver can deliver a differential signal of 30V p . p into a 1.5k(l 
load. The output of the differential line driver looks exactly 
like a transformer. Either output can be shorted to ground 
without changing the circuit gain of 5, so the amplifier can 
easily be set for inverting, noninverting, or differential opera- 
tion. The line driver can drive unbalanced loads, like a true 
transformer. 


HIGH OUTPUT AMPLIFIER 

The amplifier shown in Figure 13 is capable of driving 20V p _ p 
into a floating 400(1 load. Design of the amplifier is based on a 
bridge configuration. A1 amplifies the input signal and drives 
the load with the help of A2. Amplifier A3 is a unity-gain 
inverter which drives the load with help from A4. Gain of the 
high output amplifier with the component values shown is 10, 
but can easily be changed by varying R1 or R2. 



FIGURE 11: Noise Density of Low Noise Amplifier, G = 100 



REV. B 


OPERATIONAL AMPLIFIERS 2-311 










QUAD PROGRAMMABLE GAIN AMPLIFIER 

The combination of the quad OP-471 and the DAC-8408, a 
quad 8-bit CMOS DAC, creates a space-saving quad pro- 
grammable gain amplifier. The digital code present at the 
DAC, which is easily set by a microprocessor, determines the 
ratio between the fixed DAC feedback resistor and the impe- 
dancethe DAC ladder presents to the op amp feedback loop. 
Gain of each amplifier is: 

Vqut 256 

V| N n ’ 


where n equals the decimal equivalent of the 8-bit digital 
code present at the DAC. If the digital code present at the 
DAC consists of all zeros, the feedback loop will be open 
causing the op amp output to saturate. The 20MH resistors 
placed in parallel with the DAC feedback loop eliminates this 
problem with a very small reduction in gain accuracy. 


FIGURE 14: Quad Programmable Gain Amplifier 







OP-471 


LOW PHASE ERROR AMPLIFIER 

The simple amplifier depicted in Figure 15 utilizes monolithic 
matched operational amplifiers and a few resistors to sub- 
stantially reduce phase error compared to conventional 
amplifier designs. At a given gain, the frequency range for a 
specified phase accuracy is over a decade greater than for a 
standard single op amp amplifier. 

The low phase error amplifier performs second-order fre- 
quency compensation through the response of op amp A2 in 
the feedback loop of A1. Both op amps must be extremely 
well matched in frequency response. At low frequencies, the 
A1 feedback loop forces V 2 /( K1 + 1) = V| N . The A2 feedback 
loop forces Vq/(K1 + 1) = V 2 /(K1 -F 1) yielding an overall 
transfer function of V 0 /V| N = K1 + 1. The DC gain is deter- 



mined by the resistor divider at the output, Vo, and is not 
directly affected by the resistor divider around A2. Note, that 
like a conventional single op amp amplifier, the DC gain is set 
by resistor ratios only. Minimum gain for the low phase error 
amplifier is 10. 

Figure 16 compares the phase error performance of the low 
phase error amplifier with a conventional single op amp 
amplifier and a cascaded two-stage amplifier. The low phase 
error amplifier shows a much lower phase error, particularly 
for frequencies where W/?o» T < 0.1. For example, phase error 
of -0.1 0 occurs at 0.002 cu//?w T for the single op amp amplifier, 
but at 0.11 cu/pa>T for the low phase error amplifier. 

For more detailed information on the low phase error ampli- 
fier, see Application Note AN-107. 

FIGURE 16: Phase Error Comparison 
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□ ANALOG 
DEVICES 


Ultra-Low Distortion, 
High Speed Audio Operational Amplifier 


SSM-2131 


FEATURES 

• Low Distortion - DC to 40kHz, A v = +1 0 0.01 % Typ 

• High Slew Rate 40V/ps Min 

• Gain-Bandwidth Product 10MHz Typ 

• High Gain 200,000 Typ 

• Common-Mode Rejection 80dB Min 


APPLICATIONS 

• Power Amplifier Driver 

• Active Filter Circuits 

• Parametric Equalizers 

• Graphic Equalizers 

• Mixing Consoles 

• Voltage Summers 

• Active Crossover Networks 


GENERAL DESCRIPTION 

The SSM-21 31 is afast JFET input operational amplifier intended 
for use in audio applications. The SSM-21 31 offers a symmetric 
50V/ps slew rate for low distortion and is internally compensated 
for unity gain operation. Power supply current is less than 6.5mA. 
Unity-gain stability, a wide full-power bandwidth of 800kHz, and 
excellent ability to handle transient overloads make the SSM- 
21 31 an ideal amplifier for use in high performance audio amplifier 
circuits. 


The SSM-21 31 's common-mode rejection of 80dB minimum over 
a ±1 1 range is exceptional for a high-speed amplifier. High CMR, 
combined with a minimum 500V/mV gain into a 10k!3 load en- 
sures excellent linearity in both noninverting and inverting gain 
configurations. This means that distortion will be very low over a 
wide range of circuit configurations. The low offset provided by 
the JFET input stage often eliminates the need for AC coupling 
or for external offset trimming. 

The SSM-21 31 conforms to the standard 741 pinout with nulling 
to V-. The SSM-2131 upgrades the performance of circuits using 
theTL071 by direct replacement. 


PIN CONNECTIONS 


Yds trim [J 
-in [T 

♦IN [F 

v- [T 




TJn.c. 

T]v+ 

7]out 

T]V 0S TRIM 


PLASTIC MINI-DIP 
(P-Suffix) 

8-PIN SO 
(S-Suffix) 


SIMPLIFIED SCHEMATIC 
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ORDERING INFORMATION Output Short-Circuit Duration Indefinite 

— — — Storage Temperature Range -65°C to +175°C 

package operating Operating Temperature Range -40°C to +85°C 

plastic so temperature Junction Temperature -65°Cto +175°C 


8-pin 8-pin range Lead Temperature Range (Soldering, 60 sec) +300°C 


SSM2131P 

SSM2131S 

XIND* 

PACKAGE TYPE 


® jA (Note 2) 

e |C 

UNITS 

*XIND = -40°C to +85°C 



8-Pin Plastic DIP (P) 


103 

43 

°c/w 




8-Pin SO (S) 


158 

43 

°c/w 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Input Voltage (Note 1 ) 

Differential Input Voltage (Note 1) 

+20V 

+20V 

40V 

NOTES: 

1 . For supply voltages less than ±20V, the absolute maximum input voltage is 
equal to the supply voltage. 

2. 0 jA is specified for worst case mounting conditions, i.e., © A is specified for device 
in socket for P-DIP packages; © jA is specified for device soldered to printed 
circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at V 

s = ±1 5V, T a = 25°C, unless otherwise noted. 




PARAMETER 

SYMBOL 

CONDITIONS 


MIN 

SSM-2131 

TYP 

MAX 

UNITS 

Slew Rate 

SR 



40 

50 

- 

V/ps 

Gain-Bandwidth 

Product 

GBW 

f Q = 10kHz 


- 

10 

- 

MHz 

Full-Power 

Bandwidth 

BW p 

(Note 2) 


600 

800 

- 

kHz 

Total Harmonic 

Distortion 

THD 

DC to 40kHz, R l = 10kft, A v 

= +10 

- 

0.01 

- 

% 

Voltage Noise Density 

e n 

f o =10Hz 
f Q = 1kHz 


- 

38 

13 

- 

nV/vTlz 

Current Noise Density 

i n 

f Q = 1 kHz 


- 

0.007 

- 

pA/-/Hz 

Large-Signal 

Voltage Gain 

A vo 

R L = 10k \ = + 10V 
r l = 2kil 0 25°C 
R L =1k£l l 


500 

200 

100 

900 

260 

170 

: 

V/m V 

Output Voltage 

Swing 

v o 

R l = IkQ 


±11.5 

+12.5 

-11.9 

- 

V 

Offset Voltage 

< 

o 



- 

1.5 

6.0 

mV 

Input Bias Current 

■b 

V CM = 0V T j = 25 ° C 


- 

130 

250 

pA 

Input Offset Current 

'os 

V CM = 0V T j = 25 ° C 


- 

6 

50 

pA 

Input Voltage Range 

IVR 

(Note 1 ) 


±11.0 

+12.5 

-12.0 

- 

V 

Common-Mode 

Rejection 

CMR 

V CM = ±11V 


80 

92 

- 

dB 

Power-Supply 

Rejection Ratio 

PSRR 

V S = ±10V to ±20V 


- 

12 

50 

pV/V 

Supply Current 

>SY 

No Load 

v Q =ov 


- 

5.1 

6.5 

mA 

Short-Circuit 

Current Limit 

'sc 

Output Shorted to Ground 


±20 

+33 

-28 

±60 

mA 

Settling Time 

t. 

10V Step 0.01% (Note 3) 


- 

0.9 

1.2 

ps 

Overload Recovery 

Time 

*OR 



- 

700 

- 

ns 
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ELECTRICAL CHARACTERISTICS at V s = ±15V, T A = 25°C, unless otherwise noted. Continued 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

SSM-21 31 

TYP 

MAX 

UNITS 

Phase Margin 

0 o 

OdB Gain 

- 

47 

- 

degrees 

Gain Margin 

A 180 

180° Open-Loop 

Phase Shift 

- 

9 

- 

dB 

Capacitive Load 

Drive Capability 

C L 

Unity-Gain Stable 
(Note 4) 

100 

300 

- 

PF 

Supply Voltage Range 

v s 


±8 

±15 

±20 

V 

NOTES: 

1. Guaranteed by CM R test. 


2. Guaranteed by slew-rate test and formula BW p = SR/(2 jc 1 0V pEAK ). 

3. Settling time is guaranteed but not tested. 

4. Guaranteed but not tested. 


ELECTRICAL CHARACTERISTICS at V s = ±15V, -40°C < T A < 85°C, unless otherwise noted. 






SSM-21 31 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Slew Rate 

SR 

R l = 2kQ 

40 

50 

- 

V/ps 

Large-Signal 

A 

R L =10kQ (Note 1) 

200 

500 

- 

V/mV 

Voltage Gain 

M vo 

R L = 2kQ V Q = ±10V 

100 

160 

- 

Output Voltage 

Swing 

v o 

R l = 2k& 

±11.0 

+12.3 

-11.8 

- 

V 

Offset Voltage 

v os 


- 

2.0 

7.0 

mV 

Offset Voltage 

Temperature Coefficient 

TCV OS 


- 

8 

- 

pV/°C 

Input Bias Current 


(Note 1 ) 

- 

0.6 

2.0 

nA 

Input Offset Current 

’os 

(Note 1 ) 

- 

0.06 

0.4 

nA 

Input Voltage Range 

IVR 

(Note 2) 

±11.0 

+12.5 

-12.0 

- 

V 

Common-Mode 

Rejection 

CMR 


80 

94 

- 

dB 

Power-Supply 

Rejection Ratio 

PSRR 

Vg = ±10V to ±20V 

- 

6 

50 

pV/V 

Supply Current 

’sy 

No Load 

V o = 0V 

~ 

5.1 

6.5 

mA 

Short-Circuit 

Current Limit 

'sc 

Output Shorted to Ground 

±8 

- 

±60 

mA 


NOTES: 

1. T j = 85°C. 

2. Guaranteed by CM R test. 
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SLEW RATE (V/ps) CLOSED-LOOP GAIN (dB) 0 DISTORTION (%) 


SSM-2131 


TYPICAL PERFORMANCE CHARACTERISTICS 


DISTORTION 
vs FREQUENCY 



FREQUENCY (Hz) 


MAXIMUM OUTPUT SWING 
vs FREQUENCY 



FREQUENCY (Hz) 


VOLTAGE NOISE DENSITY 
vs FREQUENCY 



CLOSED-LOOP GAIN CLOSED-LOOP OUTPUT OPEN-LOOP GAIN, 

vs FREQUENCY IMPEDANCE vs FREQUENCY PHASE vs FREQUENCY 



10 100 Ik 10k 100k 1M 10M 100M 100 Ik 10k 100k 1M 10M 10 100 Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 


SLEW RATE vs SLEW RATE vs SLEW RATE vs 

TEMPERATURE DIFFERENTIAL INPUT VOLTAGE CAPACITIVE LOAD 



-75 -50 -25 0 25 50 75 100 125 0 0.2 0.4 0.6 0.8 1.0 0 100 200 300 400 


TEMPERATURE (<*C) DIFFERENTIAL INPUT VOLTAGE (VOLTS) CAPACITIVE LOAD (pF) 
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SSM-21 31 


TYPICAL PERFORMANCE CHARACTERISTICS Continued 


SMALL-SIGNAL OVERSHOOT 
vs LOAD CAPACITANCE 



0 100 200 300 400 500 


LOAD CAPACITANCE (pF) 


COMMON-MODE 
REJECTION vs FREQUENCY 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


POWER-SUPPLY REJECTION 
vs FREQUENCY 



FREQUENCY (Hz) 


OUTPUT SWING SUPPLY CURRENT SUPPLY CURRENT vs 

vs LOAD RESISTANCE vs TEMPERATURE SUPPLY VOLTAGE 



LOAD RESISTANCE (£1) TEMPERATURE (“C) SUPPLY VOLTAGE (VOLTS) 


SETTLING-TIME BIAS CURRENT vs BIAS CURRENT vs 

vs STEP SIZE JUNCTION TEMPERATURE COMMON-MODE VOLTAGE 



0 200 400 600 800 -75 - 50 - 25 0 25 50 75 100 125 -15 -10 -5 0 5 10 15 

SETTLING-TIME (ns) JUNCTION TEMPERATURE (°C) COMMON-MODE VOLTAGE (VOLTS) 
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SSM-2131 


APPLICATIONS INFORMATION 

The SSM-21 31 combines speed with a high level of input preci- 
sion usually found only with slower devices. Well-behaved AC 
performance in the form of clean transient response, symmetri- 
cal slew rates and a high degree of forgiveness to supply decou- 
pling are the hallmarks of this amplifier. AC gain and phase re- 
sponse are quite independent of temperature or supply voltage. 
Figure 1 shows the SSM-21 31 's small-signal response. Even with 
75pF loads, there is minimal ringing in the output waveform. 
Large-signal response is shown in Figure 2. This figure clearly 
shows the SSM-21 31's exceptionally close matching between 
positive and negative slew rates. Slew rate symmetry decreases 
the DC offset a system encounters when processing high-fre- 
quency signals, and thus reduces the DC current necessary for 
load driving. 



FIGURE 1 : Small-Signal Transient Response , Z L = 2k&H75pF 



FIGURE 2: Large-Signal Transient Response, Z L = 2kQ/l75pF 


As with most JFET-input amplifiers, the output of the SSM-21 31 
may undergo phase inversion if either input exceeds the speci- 
fied input voltage range. Phase inversion will not damage the 
amplifier, nor will it cause an internal latch-up. 

Supply decoupling should be used to overcome inductance and 
resistance associated with supply lines to the amplifier. 

For most applications, a 0.1 pF to 0.01 pF capacitor should be 
placed between each supply pin and ground. 

OFFSET VOLTAGE ADJUSTMENT 

Offset voltage is adjusted with a 1 0kQ to 1 0OkQ potentiometer 
as shown in Figure 3. The potentiometer should be connected 
between pins 1 and 5 with its wiper connected to the V- supply. 

Alternately, V QS may be nulled by attaching the potentiometer 
wiper through a 1 Mn resistor to the positive supply rail. 



VOLTAGE SUMMING 

Because of its extremely low input bias current and large unity- 
gain bandwidth, the SSM-21 31 is ideal for use as a voltage sum- 
mer or adder. 

The following figures show both an inverting and noninverting 
voltage adder. 




FIGURES: Non in verting Adder 
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CURRENT FEEDBACK 
AUDIO POWER AMPLIFIER 

The SSM-21 31 can be used as the input buffer in a current feed- 
back audio power amplifier as shown in Figure 6. This design is 
capable of very good performance as shown in Figures 7, 8 and 
9. At 1kHz and 50 watts output into an 8£1 load, the amplifier 
generates just 0.002% THD, and is flat to 1 MHz. The slew rate 
for the overall amplifier is more than adequate at 300V/ps and is 
responsible for the very low dynamic intermodulation distortion 
(DIM-1 00) that was measured at just 0.001 7% at 50 watts output 
into 8 ohms. The total amplifier idling current for all tests was 
approximately 300mA; the V+/V++ and V-/V — power supplies 
were both ±40V; and the gain was set to 24.0. 


In a current feedback amplifier, a unity or low gain input buffer 
drives a low impedance network. Any differential current that flows 
in the collectors of the buffer (SSM-21 31 ) output transistors is fed, 
via the two complementary Wilson current mirrors A and B, to a 
high impedance gain node where the high output voltage is 
generated. 

This voltage is then buffered by a double emitter follower driver 
stage and fed to the complementary power MOSFET output stage. 
No RC compensation network to ground or output inductor is 
required at the output of this amplifier to make it stable. As the 
1 00kHz square wave response shows, there’s no evidence of any 
instability in the circuit. Capacitive load compensation can be 
provided by the components marked TBD on the amplifier 
schematic. These were not used in the test, however. 



FIGURE 6: Audio Power Amplifier Schematic 
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FIGURE 7: THD vs. Frequency (at 50 W into 8Q). 




One problem that is commonly encountered with current feed- 
back amplifiers is that the mismatch between the two current 
mirrors A and B forces a small bias current to appear at the input 
buffer's output terminal. This bias current (usually in the range of 
1 -1 OOpA) is multiplied by the feedback resistor of 750Q and gen- 
erates an output offset that could be tens of millivolts in magni- 
tude. Matched transistors could be used in the current mirrors, 
but these do not completely eliminate the output offset problem. 

An inexpensive solution is to use a low power precision DC op 
amp, such as the OP-97, to control the amplifier's DC character- 
istics, thus overriding the DC offset due to mismatch in the cur- 
rent feedback loop. The OP -97 acts as a current output DC-servo 
amplifier that injects a compensating current into the emitters of 
the low voltage regulator transistors (that power the SSM-21 31 ) 
to correct for current mirror mismatch. Since the OP-97 is set for 
an overall input-to-output gain of 24.0 as well, the DC output offset 
is equal to the OP-97's Vqs x 24.0, which is roughly 1 millivolt. 
Thus, any offset trimming can be completely eliminated. Together, 
the SSM-2131 and OP-97 provide a level of performance that 
exceeds most of the requirements for audio power amplifers. The 
driver circuit can handle several pairs of power MOSFETs in the 
output stage if required. This topology can be used in circuits that 
must deliver several hundreds of watts to a load by using higher 
voltage transistors in the driver stage. Operation with rail voltages 
in excess of ±1 00V is possible. If more gain is desired, the SSM- 
21 31 input buffer can have its gain increased from the nominal 
value of 1.5 used in this example to as much as 10 before its 
bandwidth drops below that of the current feedback section. 

DRIVING A HIGH-SPEED ADC 

The SSM-21 31 's open-loop output resistance is approximately 
50Q. When feedback is applied around the amplifier, output re- 
sistance decreases in proportion to closed-loop gain divided by 
open-loop gain (A VCL /A V0L ). Output impedance increases as 
open-loop gain rolls-off with frequency. High-speed analog-to- 
digital converters require low source impedances at high fre- 
quency. Output impedance at 1 MHz is typically 5£2 for an SSM- 
21 31 operating at unity-gain. If lower output impedances are re- 
quired, an output buffer may be placed at the output of the SSM- 
2131. 


FIGURE 9: 100kHz Square Wave into 8Q. 
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HIGH-CURRENT OUTPUT BUFFER 


SSM-21 31 


The circuit in Figure 1 0 shows a high-current output stage for the 
SSM-21 31 capable of driving a 75Q load with low distortion. 
Output current is limited by R 1 and R 2 . For good tracking be- 
tween the output transistors Q v Q 2 , and this biasing diodes D 1 
and D 2 , thermal contact must be maintained between the tran- 
sistor and its associated diode. If good thermal contact is not 
maintained, R 1 and R 2 must be increased to 5-6Q in order to 
prevent thermal runaway. Using 5C2 resistors, the circuit easily 
drives a 75Q load (Figure 11). Output resistance is decreased 
and heavier loads may be driven by decreasing R 1 and R 2 . 

Base current and biasing for Q 1 and Q 2 are provided by two 
current sources, the SSM-21 31 and the JFET. The 2kQ potenti- 
ometer in the JFET current source should be trimmed for opti- 
mum transient performance. The case of the SSM-221 0 should 
be connected to V-, and decoupled to ground with a 0.1 pF ca- 
pacitor. Compensation for the SSM-21 31 's input capacitance is 
provided by C c . The circuit may be operated at any gain, in the 
usual op amp configurations. 



DRIVING CAPACITIVE LOADS 

Best performance will always be achieved by minimizing input 
and load capacitances around any high-speed amplifier. How- 
ever, the SSM-21 31 is guaranteed capable of driving a lOOpF 
capacitive load over its full operating temperature range while 



FIGURE 1 1 : Output Buffer Large-Signal Response 

operating at any gain including unity. Typically, an SSM-21 31 
will drive more than 250pF at any temperature. Supply decou- 
pling does affect capacitive load driving ability. Extra care should 
be given to ensure good decoupling when driving capacitive 
loads; between 1 pF and 1 0p F should be placed on each supply 
rail. 

Large capacitive loads may be driven utilizing the circuit shown 
in Figure 12. R 1 andC 1 introduce a small amount of feedforward 
compensation around the amplifier to counteract the phase lag 
induced by the ouput impedance and load capacitance. At DC 
and low frequencies, R 1 is contained within the feedback loop. 
At higher frequencies, feedforward compensation becomes in- 
creasingly dominant, and R^s effect on output impedance will 
become more noticeable. 
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When driving very large capacitances, slew rate will be limited 
by the short-circuit current limit. Although the unloaded slew rate 
is insensitive to variations in temperature, the output current limit 
has a negative temperature coefficient, and is asymmetrical with 
regards to sourcing and sinking current. Therefore, slew rate into 
excessive capacities will decrease with increasing temperature, 
and will lose symmetry. 

DAC OUTPUT AMPLIFIER 

The SSM-2131 is an excellent choice for a DAC output ampli- 
fier, since its high speed and fast settling-time allow quick tran- 
sitions between codes, even for full-scale changes in output level. 
The DAC output capacitance appears at the operational ampli- 
fier inputs, and must be compensated to ensure optimal settling 
speed. Compensation is achieved with capacitor C in Figure 13. 
C must be adjusted to account for the DAC's output capacitance, 
the op amp’s input capacitance, and any stray capacitance at 
the inputs. With a bipolar DAC, an additional shunt resistor may 
be used to optimize response. This technique is described in 
PMI's application AN-24. 


the SSM-21 31 . Amplifier bandwidth is reduced by the same gain 
factor applied to offset voltage, however the SSM-21 31 's 1 0MHz 
gain-bandwidth product results in no reduction of the CMOS 
converter's multiplying bandwidth. 

Individual DAC data sheets should be consulted for more com- 
plete descriptions of the converters and their circuit applications. 



R F 



FIGURE 13: DAC Output Amplifier Circuit 

Highest speed is achieved using bipolar DACs such as PMI's 
DAC-08, DAC-1 0 or DAC-31 2. The output capacitances of these 
converters are up to an order of magnitude lower than their CMOS 
counterparts, resulting in substantially faster settling-times. The 
high output impedance of bipolar DACs allows the output amplifier 
to operate in a true current-to-voltage mode, with a noise gain of 
unity, thereby retaining the amplifier's full bandwidth. Offset 
voltage has minimal effect on linearity with bipolar converters. 

CMOS digital-to-analog converters have higher output capaci- 
tances and lower output resistances than bipolar DACs. This re- 
sults in slower settling-times, higher sensitivity to offset voltages 
and a reduction in the output amplifier's bandwidth. These trade- 
offs must be balanced against the CMOS DAC's advantages in 
terms of interfacing capability, power dissipation, accuracy lev- 
els and cost. Using the internal feedback resistor which is pres- 
ent on most CMOS converters, the gain applied to offset voltage 
varies between 4/3 and 2, depending upon output code. Contri- 
butions to linearity error will be as much as 2/3 V QS . Inal 0-volt 
1 2-bit system, this may add up to an additional 1 /5LSB DNL with 


FIGURE14: DAC Output Amplifier Response (PM- 7545 DAC) 

COMPUTER SIMULATIONS 

The following pages show the SPICE macro-model for the SSM- 
21 31 high-speed audio operational amplifier. This model was 
tested with, and is compatible with PSpice* and HSPICE**. The 
schematic and net-list are included here so that the model can 
easily be used. This model can accommodate multiple frequency 
poles and multiple zeroes, which is an advanced concept that 
results in more accurate AC and transient responses necessary 
for simulating the behavior of today's high-speed op amps. For 
example, 8 poles and 2 zeroes are required to sufficiently simu- 
late the SSM-2131 , which this advanced model can easily ac- 
commodate. 

Throughoutthe SSM-21 31 macro-model, RC networks produce 
the multiple poles and zeroes which simulate the SSM-21 31 's 
AC behavior. Each stage contains a pole or a pole-zero pair. The 
stages are separated from each other by voltage-controlled cur- 
rent sources so that the poles and zero locations do not interact. 
The only nonlinear elements in the entire model are two p-chan- 
nel JFET s which comprise the input stage. Limiting the model to 
almost entirely linear circuit elements significantly reduces 
simulation time and simplifies model development. 


‘PSpice is a registered trademark of MicroSim Corporation. 
“HSPICE is a tradmark of Meta-Software, Inc. 
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SSM-21 31 


SSM-21 31 MACRO-MODEL © rmi 1989 


* POLE AT 53 MHz 


• subckt SSM-2131 1 2 32 99 50 

rl 7 18 

99 

1E6 

* 



rl 8 18 

50 

1E6 

* INPUT STAGE & POLE AT 15.9 MHz 

cl 1 18 

99 

3E-15 

* 



c12 18 

50 

3E-15 

rl 1 

3 

5E1 1 

g9 99 

18 

17 26 IE-6 

r2 2 

3 

5E1 1 

CjlO 18 

50 

26 17 IE-6 

r3 5 

50 

707.36 



r4 6 

50 

707.36 

* POLE AT 53 MHz 


cin 1 

2 

5E-12 

* 



c2 5 

6 

7.08E-12 

rl 9 19 

99 

1E6 

il 99 

4 

IE-3 

r20 19 

50 

1E6 

ios 1 

2 

4E-12 

cl 3 19 

99 

3E-15 

eos 7 

J1 5 

j2 6 

1 

2 

poly(1) 20 26 IE-3 1 

4 jx 

4 jx 

c14 19 
gl 1 99 

50 

19 

3E-15 

18 26 IE-6 

7 

g 12 19 

50 

26 18 IE-6 


* SECOND STAGE & POLE AT 45 Hz 


‘COMMON-MODE GAIN NETWORK WITH ZERO AT 1 00 kHZ 


r5 

9 

99 

1 76.84E6 

r6 

9 

50 

1 76.84E6 

c3 

9 

99 

20E-12 

c4 

9 

50 

20E-12 

gi 

99 

9 

poly(1) 5 6 3.96E-! 

g2 

9 

50 

poly(1) 6 5 3.96E-: 

v2 

99 

8 

2.5 

v3 

10 

50 

3.1 

dl 

9 

8 

dx 

d2 

10 

9 

dx 

* POLE-ZERO PAIR AT 1 .80 MHz/2.20 1 

r7 

11 

99 

1E6 

r8 

11 

50 

1E6 

r9 

11 

12 

4.5E6 

rIO 

11 

13 

4.5E6 

c5 

12 

99 

16.1 E-15 

c6 

13 

50 

16.1 E-15 

g3 

99 

11 

9 26 IE-6 

9 4 

11 

50 

26 9 1 E-6 

* POLE-ZERO PAIR AT 1 .80 MHz/2.20 1 

rl 1 

14 

99 

1E6 

rl 2 

14 

50 

1E6 

rl 3 

14 

15 

4.5E6 

rl 4 

14 

16 

4.5E6 

c7 

15 

99 

16.1 E-15 

c8 

16 

50 

16.1 E-15 

g5 

99 

14 

11 26 IE-6 


14 

50 

26 11 IE-6 

* POLE AT 53 MHz 


rl 5 

17 

99 

1E6 

rl 6 

17 

50 

1E6 

c9 

17 

99 

3E-15 

clO 

17 

50 

3E-15 

g7 

99 

17 

14 26 IE-6 

CIS 

17 

50 

26 14 IE-6 


r21 20 

21 

1E6 

r22 20 

23 

1E6 

11 21 

99 

1.5915 

12 23 

50 

1.5915 

gl 3 99 

20 

3 26 IE-11 

g14 20 

50 

26 3 IE-11 

‘POLE AT 79.6 MHz 

r24 25 

99 

1E6 

r25 25 

50 

1E6 

cl 5 25 

99 

2E-15 

cl 6 25 

50 

2E-15 

gl 5 99 

25 

19 26 IE-6 

gl 6 25 

50 

26 19 IE-6 

‘OUTPUT STAGE 


r26 26 

99 

111.1E3 

r27 26 

50 

111.1E3 

r28 27 

99 

90 

r29 27 

50 

90 

13 27 

32 

2.5E-7 

gl 7 30 

50 

25 27 11.1111 E-3 

gl 8 31 

50 

27 25 11.1111 E-3 

gl 9 27 

99 

99 25 11.1 11 IE-3 

g20 50 

27 

25 50 11.1111 E-3 

v6 28 

27 

0.7 

v7 27 

29 

0.7 

d5 25 

28 

dx 

d6 29 

25 

dx 

d7 99 

30 

dx 

d8 99 

31 

dx 

d9 50 

30 

dy 

dIO 50 

31 

dy 


* MODELS USED 

•model jx PJF(BETA=999.3E-6 VTO=-2.000 IS=4E-11) 
•model dx D(IS=1E-15) 

•model dy D(IS=1 E-15 BV=50) 

•ends SSM-2131 
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ANALOG 

DEVICES 


Low Noise Audio 
Operational Amplifier 


SSM-2134 


FEATURES 


GENERAL DESCRIPTION 


• Very Low Input Noise Voltage 3.5nV/ \/Hz Typ 

• Wide Small-Signal Bandwidth lOMHzTyp 

• High Current Drive Capability 
(10V RMS into 600L> @ V s = ±18V) 

• High Slew Rate 13V/psTyp 

• Wide Power Bandwidth 200kHz Typ 

• High Open-Loop Gain 200V/mV Typ 

• Extended Industrial 

Temperature Range -40°C to +85°C 


• Direct Replacement for Industry Standard 5534AN 


APPLICATIONS 

• High Quality Audio Amplifiers 

• Telephone Channel Amplifiers 

• Active Filter Designs 

• Microphone Preamplifiers 

• Audio Line Drivers 

• Low-Level Signal Detection 

• Servo Control Systems 


The SSM-2134 is a high performance low noise operational 
amplifier which offers exceptionally low voltage noise of 3.5nV/ 
VHz, outstanding output drive capability, and very high small- 
signal and power bandwidth. This makes the SSM-21 34 an ideal 
choice for use in high quality and professional audio equipment, 
instrumentation, and control circuits. 



The SSM-21 34 is internally compensated for A v > 3. However, 
the frequency response can be optimized with an external 
compensation capacitor to enable the SSM-21 34 to operate at 
unity-gain or drive large capacitive loads. 

The SSM-21 34 is offered in an 8-pin plastic DIP and its perform- 
ance and characteristics are guaranteed over the extended in- 
dustrial temperature range of-40°C to +85°C. 


PIN CONNECTIONS 


BALANCE [7 
-INPUT \T ■ 
+INPUT [T- 

v- \T_ 


bw 


1T\ BALANCE/COMP 
7] V+ 

T] OUTPUT 
T] COMPENSATION 


8-PIN 

EPOXY DIP 
(P-Suffix) 



REV. A 


OPERATIONAL AMPLIFIERS 2-327 







SSM-21 34 

ORDERING INFORMATION t 

OPERATING 

TEMPERATURE 


PACKAGE RANGE 


SSM2134P 8-Pin Plastic -40°Cto+85°C 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±22V 

Differential Input Voltage (Note 1) ±0.5V 

Input Voltage (Note 2) .. ±22V 


Power Dissipation 300mW 

Derate Above +24°C 2.5mW/°C 

Short-Circuit Duration (Note 3) Indefinite 

Operating Temperature Range -40°C to +85°C 

Storage Temperature -60°C to +150°C 

NOTES: 


1 . The SSM-21 34‘s inputs are protected by diodes. Current limiting resistors are 
not used in order to achieve low noise. If differential input voltage exceeds ±0.6 V, 
the input current should be limited to 1 0mA. 

2. For supply voltages less than ±22V, the absolute maximum input voltage is 
equal to the supply voltage. 

3. Output maybe shorted to ground at V s = +1 5V, T A = +25°C. Temperature and/ 
or supply voltages must be limited to ensure dissipation rating is not exceeded. 


ELECTRICAL CHARACTERISTICS at V s = ±15V and T A = +25°C, unless otherwise noted. 






SSM-21 34P 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 





0.3 

2 


Input Offset Voltage 

o 

> 

-40°C < T A < +85°C 

- 

0.4 

3 

mV 

Input Offset Current 

L c 

-40 °C < T A < +85°C 

- 

15 

300 

nA 


“ 

25 

400 

Input Bias Current 

L 

-40°C<T A <+85°C 

- 

350 

1500 

nA 


- 

500 

2000 

Large-Signal Voltage Gain 


R L >600fl, V o = ±10V 

25 

200 

- 

V/mV 

A vo 

R l >600Q, V q = ±10V 
-40°C<T a <+85°C 

15 

150 

- 



Supply Current 

*SY 

No Load 

- 

4.5 

6.5 

mA 

Output Voltage Swing 


V s = +15V, R l >600Q 

+12 

+13 

_ 


v o 

V S = ±18V, R l >600Q 

±15 

±16 

- 

V 

Output Short-Circuit Current 

'sc 

(Note 1) 

- 

65 

- 

mA 

Input Resistance- 
Differential-Mode 

R ,n 

(Note 2) 

30 

100 

- 

kQ 

Input Voltage Range 

IVR 


±12 

±13 

- 

V 

Common-Mode Rejection 

CMR 

V cm = ±12V 

70 

114 

- 

dB 

Power Supply Rejection Ratio 

PSRR 


- 

6 

100 

pV/V 

Rise Time 

t r 

R L >600Q,C c = 22pF 

- 

20 

- 

ns 

Overshoot 

OS 

C L = lOOpF 

- 

20 

- 

% 



C c = °, f Q = 10kHz 

_ 

6 



AC Gain 





V/mV 



C c = 22pF,f 0 = 10kHz 

- 

2.2 

_ 

Unity-Gain Bandwidth 

GBW 

C c = 22pF, C L = 100 pF 

- 

10 

- 

MHz 



C„ = 0 


13 



Slew Rate 

SR 

c 

C c = 22pF 

- 

6 

- 

V/ps 

Full Power Bandwidth 

bw d 

V o = ±10V,C c = 22pF 

- 

95 

- 

kHz 

p 

c c =o 

_ 

200 

“ 

Input Noise Voltage Density 

e n 

f o =30Hz 
f Q = 1 kHz 

- 

5.5 

3.5 

7.0 

4.5 

nV//Hz 

Input Noise Current Density 


f o =30Hz 
f 0 = 1 kHz 


2.5 

0.6 

- 

pA/VTlz 

Broadband Noise Figure 

f n 

R s = 5kQ,f = 10Hz to 20kHz 

- 

0.7 

- 

dB 

Total Harmonic Distortion 

THD 

V .N = 3V RMS’ A V = +1000 ’ R L= 2kQ 

- 

0.025 

- 

% 

NOTES: 


1 . Output may be shorted to ground at V s = ±1 5V, T A = +25°C. Temperature and / Specifications subject to change, Consult latest data sheet, 
or supply voltages must be limited to ensure dissipation rating is not exceeded. 

2. Guaranteed by design. 
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TOTAL INPUT NOISE DENSITY (nV/Tfiz) CURRENT NOISE (pA/%/Hz) 


TYPICAL PERFORMANCE CHARACTERISTICS Continued 


SSM-2134 


CURRENT NOISE DENSITY 



10 100 Ik 10k 

FREQUENCY (Hz) 


VOLTAGE NOISE DENSITY 



1 10 100 Ik 

FREQUENCY (Hz) 


BROADBAND INPUT 



102 103 10* 105 106 

Rs(n) 



Rs(fl) 


OPEN-LOOP GAIN 



FREQUENCY (Hz) 


CLOSED-LOOP GAIN 
vs FREQUENCY 


C c = 0; F 

F = 10kQ; 

IE = 1001 2 

— 

t a 

Vs 

— 

a +25°C 
a i15V 

C c = 0; R 

F = 9k£2; R 

"'N 

= = ikn 



Cc = 22p 

F; RFsIki 

RE = °o 

\ 






a 


103 10 « 10 ® 10 « 107 108 


FREQUENCY (Hz) 


OUTPUT VOLTAGE SWING 



100 Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 


SLEW RATE vs 
COMPENSATION CAPACITOR 



20 40 60 80 100 

Cc (pF) 


TOTAL HARMONIC DISTORTION vs FREQUENCY 


TOTAL HARMONIC DISTORTION vs FREQUENCY 




TOTAL HARMONIC DISTORTION vs FREQUENCY TOTAL HARMONIC DISTORTION vs FREQUENCY 
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INPUT OFFSET VOLTAGE (mV) 


SSNI-2134 


TYPICAL PERFORMANCE CHARACTERISTICS Continued 


OUTPUT VOLTAGE SWING INPUT COMMON-MODE SUPPLY CURRENT 

vs LOAD RESISTANCE VOLTAGE vs SUPPLY VOLTAGE vs SUPPLY VOLTAGE 



100 Ik 10k 100k 0 ±10 ±20 ±30 0 ±2 ±4 ±6 ±8 ±10 ±12 ±14 ±16 ±18 ±20 

LOAD RESISTANCE (12) SUPPLY VOLTAGE (VOLTS) SUPPLY VOLTAGE (VOLTS) 


INPUT OFFSET VOLTAGE INPUT BIAS CURRENT 

vs TEMPERATURE vs TEMPERATURE CMR vs TEMPERATURE 



25 50 75 

100 

125 

-55 

-25 

0 25 50 75 

100 125 

-55 

-25 

0 25 50 ' 

TEMPERATURE (°C) 





TEMPERATURE ( C) 




TEMPERATURE ( C) 


SUPPLY CURRENT SHORT-CIRCUIT CURRENT 

PSR vs TEMPERATURE vs TEMPERATURE vs TEMPERATURE 



25 50 75 

100 125 

-55 

-25 

0 25 50 75 

100 125 

-55 -25 

0 25 50 75 

TEMPERATURE (°C) 




TEMPERATURE ( C) 



TEMPERATURE ( C) 
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APPLICATIONS INFORMATION 


PREAMPLIFIER-RIAA/NAB COMPENSATION 



‘SELECT TO PROVIDE SPECIFIED TRANSDUCER LOADING 
OUTPUT NOISE 0.8mV RMS (WITH INPUT SHORTED) 



FREQUENCY (Hz) FREQUENCY (Hz) 


BODE PLOT OF RIAA EQUALIZATION AND THE 
RESPONSE REALIZED IN AN ACTUAL CIRCUIT 
USING THE SSM-2134 


BODE PLOT OF NAB EQUALIZATION AND THE 
RESPONSE REALIZED IN THE ACTUAL CIRCUIT 
USING THE SSM-2134 


TEST CIRCUIT 


FREQUENCY COMPENSATION 
AND OFFSET VOLTAGE 
ADJUSTMENT CIRCUIT 



CLOSED-LOOP FREQUENCY RESPONSE 
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ANALOG 

DEVICES 


Dual, Low Noise, High-Speed 
Audio Operational Amplifier ^>3) 


SSM-2139 


FEATURES 

• Ultra-Low Voltage Noise 3.2nV/vlHz 

• High Slew Rate 1 1 V/ps 

• Excellent Gain Bandwidth Product 30MHz 

• Low Supply Current (Both Amplifiers) 4mA 

• Low Offset Voltage 500pV 

• High Gain 1,700V/mV 

• Compensated for Minimum Gain of 3 

• Low Cost 


• Industry Standard 8-Pin Plastic Dual Pinout 


APPLICATIONS 

• Microphone Preamplifiers 

• Audio Line Drivers 

• Active Filters 

• Phono and Tape Head Preamplifiers 

• Equalizers 


ORDERING INFORMATION 



PACKAGE 

OPERATING 

PLASTIC 

16-PIN 

TEMPERATURE 

8-PIN 

SOL 

RANGE 

SSM2139P 

SSM2139S 

XIND* 


* XIND as -40°C to +85°C 

For availability on SOL package, contact your local sales office. 


GENERAL DESCRIPTION 

The SSM-21 39 is a low noise, high-speed dual audio operational 
amplifier which has been internally compensated for gains equal 
to, or greater than three. 

This monolithic bipolar op amp offers exceptional voltage noise 
performance of 3.2nV/vTlz (typical) with a guaranteed specifi- 
cation of only 5nVA/Hz MAX @ 1 kHz. 

The high slew rate of 1 1 V/ps and the gain-bandwidth product of 
30MHz is achieved without compromising the power consump- 
tion of the device. The SSM-21 39 draws only 4mA of supply cur- 
rent for both amplifiers. Continued 


PIN CONNECTIONS 



SIMPLIFIED SCHEMATIC (One of two amplifiers is shown.) 
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These characteristics make the SSM-2139 an ideal choice for 
use in high quality professional audio equipment, instrumenta- 
tion, and control circuit applications. 

The low offset voltage V QS of 500pV MAX (20p V typical) and offset 
voltage drift of only 2.5jiV/°C MAX assures system accuracy and 
eliminates the need for external V QS adjustments. 

The SSM-2139's outstanding open-loop gain of 1 ,700,000 and 
its exceptional gain linearity eliminate incorrectable system 
nonlinearities and provides superior performance in high closed- 
loop gain applications, such as preamplifiers. 

The SSM-2139 is offered in an 8-pin plastic DIP and Small Out- 
line (SO) package and its performance and characteristics are 
guaranteed over the extended industrial temperature range of- 
40°C to +85°C. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ±18V 

Differential Input Voltage (Note 2) ±1 .0V 

Differential Input Current (Note 2) ±25mA 


Input Voltage Supply Voltage 

Output Short-Circuit Duration Continuous 

Storage Temperature Range -65°C to +1 50C 

Lead Temperature Range (Soldering, 60 sec) 300°C 

Junction Temperature (T.) -65°C to +150°C 

Operating Temperature Hange 

SSM-21 39 (P, S) -40°C to +85°C 


PACKAGE TYPE 0 jA (Note1) 0 jC UNITS 

8-Pin Plastic DIP (P) 96 37 °C/W 

16-Pin SOL (S) 92 27 °C/W 


NOTES: 

1 . 0 jA is specified for worst case mounting conditions, i.e. , 0 jA is specified for device 
in socket for P-DIP package; 0 jA is specified for device soldered to printed 
circuit board for SOL package. 

2. The SSM-21 39 inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise performance. If differential 
voltage exceeds ±1 .0V, the input current should be limited to ±25mA. 


ELECTRICAL CHARACTERISTICS at V s = ±15V, T A = 25°C, unless otherwise noted. 






SSM-2139 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 



0.1Hz to 10Hz 





Input Noise Voltage 

e 

np-p 

(Note 1 ) 


80 

200 

nV 

p-p 



f o =10Hz 

- 

3.6 

6.5 


Input Noise 

e 

f 0 « 100Hz 

- 

3.2 

5.5 

nV/ vTlz 

Voltage Density 


f Q = 1 kHz 
(Note 2) 


3.2 

5.0 




f - 10Hz 


1.1 



Input Noise 

Current Density 


f Q = 100Hz 
f Q = 1 kHz 

- 

0.7 

0.6 

- 

pA/vTlz 

Slew Rate 

SR 


7 

11 

- 

V/ps 

Gain Bandwidth Product 

GBW 

f Q = 100kHz 

- 

30 

- 

MHz 



V - 27V 





Full Power Bandwidth 

BWp 

O p-p 

— 

130 

— 

kHz 


R l = 2k£2 (Note 3) 





Supply Current 

'SY 

No Load 


4 

6.5 

mA 

(All Amplifiers) 





R l = 2kQ 





Total Harmonic Distortion 

THD 


— 

0.002 

_ 

% 


v o- 3V rms’ f 0 - 1kHz 





Input Offset Voltage 

< 

o 


- 

20 

500 

pV 

Input Offset Current 

'os 

V CM = 0V 

- 

1 

50 

nA 

Input Bias Current 


V CM = 0V 

- 

5 

80 

nA 



V o = ±10V 





Large-Signal 

A 

R L =10kQ 

1000 

1700 

. - 


Voltage Gain 

rt VO 

R L = 2kQ 

500 

900 

- 

V/mV 



R l = 600Q 

- 

900 

- 



Vo 

R l > 2kQ 

±12 

±13.5 

- 


Output Voltage Swing 

< 

o 

+ 

R l > 600fi 

- 

+13 

- 

V 


V 

R l > 600Q 

- 

-10 

- 


Common-Mode Rejection 

CMR 

V cm = ±12V 

94 

115 

- 

dB 
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ELECTRICAL CHARACTERISTICS at V s = ±15V, T A = 25°C, unless otherwise noted. Continued 


SSM-21 39 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 


Power Supply 

Rejection Ratio 

PSRR 

V s = ±4.5V to ±1 8V 

105 

120 

- 

dB 

Input Voltage Range 

IVR 

(Note 4) 

±12.0 

±12.5 

- 

V 

Output Short-Circuit 

1 

Sink 

- 

20 

- 

mA 

Current 

'sc 

Source 

- 

40 

- 

Input Resistance 
Common-Mode 

R INCM 


- 

20 

- 

GO 

Input Resistance 
Differential-Mode 

r in 


- 

0.4 

- 

MO 

Input Capacitance 

C ,N 


- 

3 

- 

PF 

Channel Separation 

cs 

V O = 20V p-p 

f Q = 10Hz (Note 1) 

125 

175 

- 

dB 


NOTES: 

1 . Guaranteed but not 1 00% tested. 

2. Sample tested. 

3. BW p = SR/2KV pEAK . 

4. Guaranteed by CMR test. 


ELECTRICAL CHARACTERISTICS at V s = ±1 5V, -40°C < T A < 85°C, unless otherwise noted. 
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PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current 
(All Amplifiers) 

'SY 

No Load 

- 

4.4 

7.2 

mA 

Output Voltage Swing 

v o 

R l > 2kO 

±12 

±13 

- 

V 



< 

o 

ii 

i+ 

o 

< 





Large-Signal 

A 

R L = lOkO 

500 

1400 

- 

V/mV 

Voltage Gain 

M vo 

R l = 2kO 

250 

700 

- 

Input Offset Voltage 

< 

o 

CO 


- 

45 

700 

M V 

Average Input 

Offset Voltage Drift 

TCV OS 


- 

0.4 

2.5 

mV/°c 

Input Offset Current 

'os 

V CM = 0V 

- 

1.5 

60 

nA 

Input Bias Current 

'b 

< 

o 

2 

II 

O 

< 

- 

6 

90 

nA 

Common-Mode 

Rejection 

CMR 

V CM = ±12V 

94 

115 

- 

dB 

Power Supply 

Rejection Ratio 

PSRR 

V s = ±4.5 to ±18V 

100 

115 

- 

dB 

Input Voltage Range 

IVR 

(Note 1) 

±12 

±12.5 

- 

V 


NOTES: 

1. Guaranteed by CMR test. 
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INPUT OFFSET CURRENT (nA) VOLTAGE NOISE (pA / /Hz) VOLTAGE NOISE (nV/ VHz) 


SSM-2139 

TYPICAL PERFORMANCE CHARACTERISTICS 


VOLTAGE NOISE DENSITY 
vs FREQUENCY 



1 10 100 Ik 

FREQUENCY (Hz) 


VOLTAGE NOISE DENSITY 
vs SUPPLY VOLTAGE 



0 ±5 +10 +15 ±20 

SUPPLY VOLTAGE (VOLTS) 


0.1Hz TO 10Hz NOISE 


ma is 


0 2 4 6 8 10 


T a = +25°C 
V s = ±15V 


TIME (SEC) 


CURRENT NOISE DENSITY INPUT OFFSET VOLTAGE INPUT BIAS CURRENT 

vs FREQUENCY vs TEMPERATURE vs TEMPERATURE 



10 100 Ik 10k -75 -50 -25 0 25 50 75 100 -75 -50 -25 0 25 50 75 100 125 

FREQUENCY (Hz) TEMPERATURE (°C) TEMPERATURE («C) 


INPUT OFFSET CURRENT INPUT BIAS CURRENT vs TOTAL SUPPLY CURRENT 

vs TEMPERATURE COMMON-MODE VOLTAGE vs SUPPLY VOLTAGE 



-75 -50 -25 0 25 50 75 100 125 -12.5 -10 -7.5 -5 -2.5 0 2.5 5 7.5 10 12.5 0 ±5 ±10 ±15 ±20 

TEMPERATURE (°C) COMMON-MODE VOLTAGE (VOLTS) SUPPLY VOLTAGE (VOLTS) 
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OPEN-LOOP GAIN (V/mV) 


SSM-2139 


TYPICAL PERFORMANCE CHARACTERISTICS Continued 


TOTAL SUPPLY CURRENT OPEN-LOOP GAIN CLOSED-LOOP GAIN 

vs TEMPERATURE vs FREQENCY vs FREQUENCY 



-75 -50 -25 0 25 50 75 100 125 1 10 100 Ik 10k 100k 1M 10M 100M 10k 10 0k 1M 10M 100M 

TEMPERATURE (°C) FREQUENCY (Hz) FREQUENCY (Hz) 


OPEN-LOOP GAIN MAXIMUM OUTPUT SWING 

vs SUPPLY VOLTAGE vs FREQUENCY 




SUPPLY VOLTAGE (VOLTS) 


FREQUENCY (Hz) 


MAXIMUM OUTPUT VOLTAGE 
vs LOAD RESISTANCE 



100 Ik 10k 

LOAD RESISTANCE (Si) 


SLEW RATE TOTAL HARMONIC DISTORTION TOTAL HARMONIC DISTORTION 

vs TEMPERATURE vs FREQUENCY vs OUTPUT VOLTAGE 



TEMPERATURE (°C) FREQUENCY (Hz) OUTPUT VOLTAGE (V RMS ) 
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FIGURE 1 : High-Speed Differential Line Driver 



APPLICATIONS INFORMATION 

HIGH-SPEED DIFFERENTIAL LINE DRIVER 

The circuit of Figure 1 is a unique approach to a line driver circuit 
widely used in professional audio applications. With ±18V sup- 
plies, the line driver can deliver a differential signal of 30Vp-p 
into a 1 .5kQ load. The output of the differential line driver looks 
exactly like a transformer. Either output can be shorted to ground 
without changing the circuit gain of 5, so the amplifier can easily 
be set for inverting, noninverting, or differential operation. The 
line driver can drive unbalanced loads, like a true transformer. 

LOW NOISE AMPLIFIER 

A simple method of reducing amplifier noise is by paralleling 
amplifiers as shown in Figure 2. Amplifier noise, depicted in Figure 
3, is around 2nV/-/Hz @ 1 kHz (R.T.I.). Gain for each paralleled 
amplifier and the entire circuit is 1 000. The 200Q resistors limit 
circulating currents and provide an effective output resistance 
of 50Q. 



FIGURE 3: Noise Density of Low Noise Amplifier, G = 1000 
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VOLTAGE AND CURRENT NOISE 

The SSM-21 39 is a low noise, high-speed dual op amp, exhibit- 
ing a typical voltage noise of only 3.2nV/\/Hz @ 1 kHz. The ex- 
ceptionally low noise characteristics of the SSM-2139 is in part 
achieved by operating the input transistors at high collector cur- 
rents since the voltage noise is inversely proportional to the 
square root of the collector current. Current noise, however, is 
directly proportional to the square root of the collector current. 
As a result, the outstanding voltage noise performance of the 
SSM-2139 is gained at the expense of current noise perform- 
ance, which is normal for low noise amplifiers. 

To obtain the best noise performance in a circuit, it is vital to 
understand the relationship between voltage noise (e n ), current 
noise (i n ), and resistor noise (e t ). 

TOTAL NOISE AND SOURCE RESISTANCE 

The total noise of an op amp can be calculated by: 



where: 



FIGURE 4: Total Noise vs. Source Resistance (Including 
Resistor Noise) at 1kHz 


E n = total input referred noise 
e n = op amp voltage noise 
i = op amp current noise 
e t = source resistance thermal noise 
R s = source resistance 

The total noise is referred to the input and at the output would be 
amplified by the circuit gain. 

Figure 4 shows the relationship between total noise at 1 kHz and 
source resistance. For R s < 1 kQ, the total noise is dominated by 
the voltage noise of the SSM-21 39. As R s rises above 1 kQ, total 
noise increases and is dominated by resistor noise rather than 
by voltage or current noise of the SSM-21 39. When R s exceeds 
20kQ, current noise of the SSM-2139 becomes the major con- 
tributor to total noise. 

Figure 5 also shows the relationship between total noise and FIGURE 5: Total Noise vs. Source Resistance (Including 

source resistance, but at 10Hz. Total noise increases more Resistor Noise) at 10Hz 

quickly than shown in Figure 4 because current noise is inversely 

proportional to the square root of frequency. In Figure 5, current 

noise of the SSM-21 39 dominates the total noise when R s > 5kQ. 



From Figures 4 and 5, it can be seen that to reduce total noise, 
source resistance must be kept to a minimum. 
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Figure 6 shows peak-to-peak noise versus source resistance over 
the 0.1Hz to 10Hz range. Once again, at low values of R s , the 
voltage noise of the SSM-21 39 is the major contributor to peak- 
to-peak noise with current noise the major contributor as R s in- 
creases. 

For reference, typical source resistances of some signal sources 
are listed in Table 1. 

For further information regarding noise calculations, see "Mini- 
mization of Noise in Op Amp Applications," Application Note AN- 
15. 



FIGURE 6: Peak-to-Peak Noise (0. 1Hz to 10Hz) vs. Source 
Resistance (Includes Resistor Noise) 


TABLE 1 


DEVICE 

SOURCE 

IMPEDANCE 

COMMENTS 

Strain Gauge 

<5000 

Typically used in low-frequency 
applications. 

Magnetic 

Tapehead, 

Microphone 

<15000 

Low l g very important to reduce 
self-magnetization problems when 
direct coupling is used. SSM-2139 l B 
can be neglected. 

Magnetic 

Phonograph 

Cartridge 

<15000 

Similar need for low l B in direct 
coupled applications. SSM-21 39 will not 
introduce any self-magnetization 
problem. 

Linear Variable 

Differential 

Transformer 

<15000 

Used in rugged servo-feedback 
applications. Bandwidth of interest is 
400Hz to 5kHz. 


NOISE MEASUREMENTS - 
PEAK-TO-PEAK VOLTAGE NOISE 

The circuit of Figure 7 is a test setup for measuring peak-to-peak 
voltage noise. To measure the 200nV peak-to-peak noise 
specification of the SSM-2139 in the 0.1Hz to 10Hz range, the 
following precautions must be observed: 

1 . The device has to be warmed-up for at least five minutes. As 
shown in the warm-up drift curve, the offset voltage typically 
changes 2pV due to increasing chip temperature after power- 
up. In the 10-second measurement interval, these tempera- 
ture-induced effects can exceed tens-of-nanovolts. 

2. For similar reasons, the device has to be well-shielded from 
air currents. Shielding also minimizes thermocouple effects. 



FIGURE 7: Peak-to-Peak Voltage Noise Test Circuit (0.1Hz to 10Hz) 
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3. Sudden motion in the vicinity of the device can also "feed- 
through" to increase the observed noise. 

4. The test time to measure 0.1 Hz to 1 0Hz noise should not ex- 
ceed 10 seconds. As shown in the noise-tester frequency- 
response curve of Figure 8, the 0.1Hz corner is defined by 
only one pole. The test time of 10 seconds acts as a addi- 
tional pole to eliminate noise contribution from the frequency 
band below 0.1 Hz. 

5. A noise-voltage-density test is recommended when measur- 
ing noise on a large number of units. A 10Hz noise-voltage- 
density measurement will correlate well with a 0. 1 Hz-to-1 0Hz 
peak-to-peak noise reading, since both results are determined 
by the white noise and the location of the 1 /f corner frequency. 

6. Power should be supplied to the test circuit by well bypassed 
low-noise supplies, e.g. batteries. These will minimize output 
noise introduced via the amplifier supply pins. 

FIGURE 8: 0. 1Hz to 10Hz Peak-to-Peak Voltage Noise Test 
Circuit Frequency Response 



CHANNEL SEPARATION TEST CIRCUIT 
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Selection Guide 

Audio Analog-to-Digital Converters 



Res 

Converter 


SNR 

THD+N 

Input 

Input Range 

Supplies 

Power 



Model 

Bits 

Type 

Channels 

0 dB-dB typ 

% typ 

Architecture 

Volts 

Volts 

mW typ 

Pins 

Page 

AD1876 

16 

Sampling 

Single 

No Spec 

90 1 

Single-ended 

±3 V 

±5, ±12 

235 

16 

3-3 

AD1879 

18 

SA 

Dual 

103 

98 

Differential 

±3 V 

±5 

1100 

28 

3-17 

AD1878 

16 

XA 

Dual 

98 

98 

Differential 

±3 V 

±5 

1100 

28 

3-15 

AD1885 

16 

XA 

Dual 

85 

85 

Differential 

±3 V 

±5 

500 

28 

3-19 


'-0.05 dB Input, A-Weighted Filter 
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16-Bit 100 kSPS 
Sampling ADC 


FEATURES 
Autocalibrating 
0.002% THD 
90 dB S/(N+D) 

1 MHz Full Power Bandwidth 
On-Chip Sample & Hold Function 
2x Oversampling for Audio Applications 
16-Pin DIP Package 

Serial Twos Complement Output Format 
Low Input Capacitance -typ 50 pF 
AGND Sense for Improved Noise Immunity 


PRODUCTION DESCRIPTION 

The AD 1876 is a 16-bit serial output sampling A/D converter 
which uses a switched capacitor/charge redistribution archi- 
tecture to achieve a 100 kSPS conversion rate (10 (xs total 
conversion time). Overall performance is optimized by 
digitally correcting internal nonlinearities through on-chip 
autocalibration. 

The circuitry of the AD 1876 is partitioned onto two monolithic 
chips, a digital control chip fabricated with Analog Devices’ 
DSP CMOS process and an analog ADC chip fabricated with 
the BiMOS II process. Both chips are contained in a single 
package. 


FUNCTIONAL BLOCK DIAGRAM 



BUSY 

DOUTCLK 

d OUT 


The serial output interface requires an external clock and sample 
command signal. The output data rate may be as high as 2.08 
MHz, and is controlled by the external clock. The twos comple- 
ment format of the output data is MSB first and is directly com- 
patible with the NPC SM5805 digital decimation filter used in 
consumer audio products. The AD1876 is also compatible with 
a variety of DSP processors. 


The AD 1876 is packaged in a space saving 16-pin plastic DIP 
and operates from +5 V and ±12 V supplies; typical power con- 
sumption is 235 mW. The digital supply (V DD ) is isolated from 
the linear supplies (V EE and V cc ) for reduced digital crosstalk. 
Separate analog and digital grounds are also provided. 


REV. A 


AUDIO A/D CONVERTERS 3-3 











ADI 876 —SPECIFICATIONS (T mi „ to T max , V cc = +12 V ± 5%, V EE = -12 V ± 5%, V D0 = +5 V ± 10%)’ 


Parameter 

Min 

AD1876J 

Typ 

Max 

Units 

TEMPERATURE RANGE 

0 


70 

°C 

TOTAL HARMONIC DISTORTION (THD) 2 





-0.05 dB Input 


-95 

-88 

dB 



0.002 

0.004 

% 

-20 dB Input 


-78 


dB 



0.01 


% 

-60 dB Input 


-40 


dB 



1.0 


% 

D-RANGE, -60 dB, A-WEIGHTED 

: 92 _ __ _ _J 

dB 

SIGNAL-TO-NOISE AND DISTORTION (S/(N+D)) RATIO 3 





-0.05 dB Input, A-Weighted 


92 


dB 

-0.05 dB Input, 48 kHz Bandwidth 

83 

90 


dB 

-20 dB Input, A-Weighted 


73 


dB 

-20 dB Input, 48 kHz Bandwidth 


70 


dB 

-60 dB Input, A-Weighted 


34 


dB 

-60 dB Input, 48 kHz Bandwidth 


31 


dB 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 


-99 

-89 

dB 

INTERMODULATION DISTORTION (IMD) 4 





2nd Order Products 


-102 


dB 

3rd Order Products 


-98 


dB 

FULL POWER BANDWIDTH 

1 

MHz 

VOLTAGE REFERENCE INPUT RANGE 5 (V REF ) 

3 

5 

10.0 

V 

ANALOG INPUT 6 





Input Range (V IN ) 



— V REF 

v 

Input Impedance 


★ 



Input Capacitance During Sample 


50* 


pF 

Aperture Delay 


6 


ns 

Aperture Jitter 


100 


ps 

POWER SUPPLIES 





Operating Current 





Icc 


9 

12 

mA 

Iee 


9 

12 

mA 

Idd 


3 

12 

mA 

Power Consumption 


235 

350 

mW 


NOTES 

^ref ~ 5.00 V; conversion rate = 96 kSPS; f IN = 1.06 kHz; V IN = -0.05 dB unless otherwise indicated. All measurements referred to a 0 dB 
(10 V PP ) input signal. Values are post calibration, 
includes first 19 harmonics. 

3 Minimum value of S/(N+D) corresponds to 5.0 V reference; typical values of S/(N+D) correspond to 10.0 V reference. 

4 f a = 1008 Hz; f b = 1055 Hz. See Definition of Specifications section and Figure 14. 

5 See Applications section for recommended voltage reference circuit and Figure 11 for performance with other reference voltage values. 

6 See Applications section for recommended input buffer circuit. 

*For explanation of input characteristics, see “Analog Input” section. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all devices at final electrical test at worst case temperature. Results from those tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 


ORDERING GUIDE 



Temperature 

THD 

Package 

Package 

Model 

Range 

dB 

Description 

Option* 

ADI 876 JN 

0°C to +70°C 

-95 

Plastic 16-Pin DIP 

N-16 


*N = Narrow Plastic DIP. For outline information see Package Information section. 
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DIGITAL SPECIFICATIONS (T min to t„,„. v cc = +12 v ± 5 %, v EE = —12 v ± 5 %, v D0 = +5 v ± 10 %) 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

LOGIC INPUTS 






V IH High Level Input Voltage 


2.4 



V 

V IL Low Level Input Voltage 


-0.3 


0.8 

V 

I IH High Level Input Current 

V IH = V DD 

-10 


+ 10 

|xA 

I IL Low Level Input Current 

V IL = 0 V 

-10 


+ 10 

|jlA 

C IN Input Capacitance 




10 

pF 

LOGIC OUTPUTS 






V OH High Level Output Voltage 

I OH = 0. 1 mA 

V DD -1 V 



V 


I oh — mA 

2.4 



V 

V OL Low Level Output Voltage 

I OL = 1-6 mA 



0.4 

V 


Specifications subject to change without notice. 

Specifications shown in boldface are tested on all devices at final electrical test at worst case temperature. Results from those tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 


ABSOLUTE MAXIMUM RATINGS* 


V cc to V EE -0.3 V to +26.4 V 

Vde> to DGND -0.3 V to +7 V 

V cc to AGND -0.3 V to +18 V 

V EE to AGND -18 V to +0.3 V 

AGND to DGND ±0.3 V 

Digital Inputs to DGND OVto5.5V 

Analog Inputs, V REF to AGND (V cc + 0.3 V) to 

(V EE -0.3 V) 


Soldering +300°C, 10 sec 

Storage Temperature -60°C to +100°C 

*Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


ESD SENSITIVITY 

The AD 1876 features input protection circuitry consisting of large “distributed” diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and 
fast, low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the 
AD 1876 has been classified as a Category 1 Device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test 
equipment, and discharge without detection. Unused devices must be stored in conductive foam 
or shunts, and the foam discharged to the destination socket before devices are removed. For 
further information on ESD precaution, refer to Analog Devices’ ESD Prevention Manual. 


TIMING SPECIFICATIONS' (T min to T max , V cc = + 12 V ± 5%, V EE = -12 V ± 5%, V D0 = +5 V ± 10%, V REF = 5.00 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

Sampling Rate 2 

fs = l/t s 

1 


0 

0 

kSPS 

Sampling Period 2 

ts — 1/fs 

10 


1000 

M'S 

Acquisition Time (Included in t s ) 

*A 

2 



M'S 

Calibration Time 

l CT 



5000 

l c 

CLK Period 

l C 

480 



ns 

CAL to BUSY Delay 

tcALB 

0 



ns 

CLK to BUSY Delay 

l CB 

50 

120 

175 

ns 

CLK to D out Hold Time 

l CD 

10 



ns 

CLK HIGH 

l CH 

160 



ns 

CLK LOW 

l CL 

50 



ns 

Dqut CLK LOW 

^DCL 

30 

80 

200 

ns 

SAMPLE LOW to 1st CLK Delay 

tsc 

50 



ns 

CAL HIGH Time 

tcALH 

4 



tc 

CLK to Dqut CLK 

tcDH 

150 

200 

275 

ns 

SAMPLE LOW 

tsL 

50 

J 


ns 


NOTES 

J See Figure 1 and Figure 2 and the Conversion Control and Autocalibration sections for detailed explanations of the above timing. 

2 Depends upon external clock frequency; includes acquisition time and conversion time. The minimum sampling rate/maximum sampling period is specified to 
account for droop of the internal sample/hold. Operation at slower rates than specified may degrade performance. 



REV. A 


AUDIO A/D CONVERTERS 3-5 



ADI 876 


CAL 


BUSY '///A 


CLK 



SAMPLE 


h \ - f il t liM 


Figure 1. ADI 876 Calibration Timing 

t s (=l/ts) 




J 


d out previous lsb 


*CD 


l CL 


— I I— *<=» 




tCDH 


DqutCLK 


-*\ \+- X DCl 

U — u — l_T — LJ — LT 

Figure 2. Recommended ADI 876 Conversion Timing 


Definition of Specifications 

NYQUIST FREQUENCY 

An implication of the Nyquist sampling theorem, the “Nyquist 
Frequency” of a converter is that input frequency which is one- 
half the sampling frequency of the converter. 

TOTAL HARMONIC DISTORTION 

Total harmonic distortion (THD) is measured as the ratio of the 
rms sum of the first nineteen harmonic components to the rms 
value of a 1 kHz full-scale sine wave input signal and is ex- 
pressed in percent (%) or decibels (dB). For input signals or 
harmonics that are above the Nyquist frequency, the aliased 
component is used. 

SIGNAL-TO-NOISE PLUS DISTORTION RATIO 

Signal-to-noise plus distortion (S/N + D) is defined to be the ra- 
tio of the rms value of the measured input signal to the rms sum 
of all other spectral components below the Nyquist frequency, 
including harmonics but excluding dc. 

D-RANGE DISTORTION 

D-range distortion is the ratio of the distortion plus noise to the 
signal at a signal amplitude of -60 dB. In this case, an A- 
weight filter is used. The value specified for D-range perfor- 
mance is the ratio measured plus 60 dB. 


BANDWIDTH 

The full power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

INTERMODULATION DISTORTION (IMD) 

With inputs consisting of sine waves at two frequencies, f a and 
f h , any device with nonlinearities will create distortion products, 
of order (m+n), at sum and difference frequencies of mf a ± nf b , 
where m, n = 0, 1, 2, 3 . . . . Intermodulation terms are those 
for which m or n is not equal to zero. For example, the second 
order terms are (f a + f b ) and (f a - f b ), and the third order 
terms are (2f a + f b ), (2f a - f b ), (f a + 2f b ) and (f a - 2f b ). The 
IMD products are expressed as the decibel ratio of the rms sum 
of the measured input signals to the rms sum of the distortion 
terms. The two signals applied to the converter are of equal am- 
plitude, and the peak value of their sum is -0.05 dB from full 
scale. The IMD products are normalized to a 0 dB input signal. 

APERTURE DELAY 

Aperture delay is the time required after SAMPLE is taken 
LOW for the internal sample-hold of the AD 1876 to open, thus 
holding the value of V IN . 

APERTURE JITTER 

Aperature jitter is the variation in the aperture delay from 
sample to sample. 
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PIN DESCRIPTION 

Pin 




No. 

Name 

Type 

Description 

1 

SAMPLE 

DI 

V IN Acquisition Control Pin. During conversion, SAMPLE controls the state of the internal 
Sample-Hold Amplifier and initiates conversion (see “Conversion Control” paragraph). 

During calibration, SAMPLE is active HIGH, forcing D oux (Pin 3) LOW. If SAMPLE is 
LOW during calibration, D OUT will output diagnostic information (See “Autocalibration” 
paragraph.) 

2 

CLK 

DI 

Master Clock Input. The ADI 876 requires 17 clock pulses to execute a conversion. CLK is 
also used to derive Dqut CLK (Pin 14). During calibration, 5000 clock pulses are applied. 

3 

DoUT 

DO 

Serial Output Data, Twos Complement format. 

4 

DGND 

P 

Digital Ground. 

5 

Vcc 

P 

+ 12 V Analog Supply Voltage. 

6 

N/C 

- 

No Connection. 

7 

N/C 

- 

No Connection. 

8 

AGND 

P/AI 

Analog Ground. 

9 

AGND SENSE 

AI 

Analog Ground Sense. 

10 

v IN 

AI 

Analog Input Voltage, referred the AGND SENSE. 

11 

Vref 

AI 

External Voltage Reference Input, referred to AGND. 

12 

v EE 

P 

-12 V Analog Supply Voltage. 

13 

v DD 

P 

+ 5 V Logic Supply Voltage. 

14 

Dout CLK 

DO 

The rising edge of D Q ut CLK may be used to latch D OU t (Pin 3). D OUT CLK is derived 
from CLK. 

15 

BUSY 

DO 

Status Line for Converter. Active HIGH, indicating a conversion or calibration in progress. 

16 

CAL 

DI 

Calibration Control Pin (asynchronous). 


Type: AI = Analog Input. 

DI = Digital Input. 
DO = Digital Output. 
P = Power. 


SAMPLE 

CLK 

°OUT 

DGND 

V CC 

N/C 

N/C 

AGND 
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FUNCTIONAL DESCRIPTION 

The AD1876 is a 16-bit analog-to-digital converter including a 
sample/hold input circuit, successive approximation register, 
ground sensing circuitry, serial output port and a microcon- 
troller based autocalibration circuit. These functions are seg- 
mented onto two monolithic chips, an analog signal processor 
and a digital controller. Both chips are contained within the 
AD 1876 package. 

The AD 1876 employs a successive-approximation technique to 
determine the value of the analog input voltage. However, in- 
stead of the traditional laser-trimmed resistor-ladder approach, 
the AD 1876 uses a capacitor-array, charge-redistribution tech- 
nique. An array of binary- weighted capacitors subdivides the 
input value to perform the actual analog to digital conversion. 
This capacitor array also serves a sample/hold function without 
the need for additional external circuitry. 

The autocalibration circuit within the AD 1876 employs a micro- 
controller and calibration DAC to measure and compensate ca- 
pacitor mismatch errors. As each error is determined, its value 
is stored in on-chip memory (RAM). Subsequent conversions 
use these RAM values to improve conversion accuracy. The au- 
tocalibration routine may be invoked at any time. Autocalibra- 
tion insures high performance while eliminating the need for any 
user adjustments, and is described in detail below. 

The microcontroller controls all of the various functions within 
the AD 1876. These include the actual successive approximation 
routine, the autocalibration routine, the sample/hold operation, 
and the serial data transmission. 

AUTOCALIBRATION 

The AD 1876 achieves rated performance without the need for 
user trims or adjustments. This is accomplished through the use 
of on-chip autocalibration. 

In the autocalibration sequence, sample/hold offset is nulled by 
internally connecting the input circuit to the ground sense cir- 
cuit. The resulting offset voltage is measured and stored in 
RAM for later use. Next, the capacitor representing the most 
significant bit (MSB) is charged to the reference voltage. This 
charge is then inverted and shared between the MSB capacitor 
and one of equal size composed of all the least significant bits. 
The difference in the summation of the charges in each of the 
equally sized capacitors represents the amount of capacitor mis- 
match. A calibration D/A converter (DAC) adds an appropriate 
value of error correction voltage to cancel the mismatch. This 
correction factor is also stored in RAM. This process is repeated 
for each of the capacitors representing the remaining bits. The 
accumulated values in RAM are then used during subsequent 
conversions to adjust conversion results. 

As shown in Figure 1, when CAL is taken HIGH the AD 1876 
internal circuitry is reset, the BUSY pin is driven HIGH and 
the part prepares for calibration. This is a ‘hard’ reset and will 
interrupt any conversion or calibration currently in progress. In 
order to guarantee that all internal undefined states are cleared, 
the CAL pin should be held HIGH for at least 4 CLK cycles. 
Actual calibration begins when the CAL pin is taken LOW and 
completes in less than 5000 clock cycles or about 2.5 msec with 
a continuous 500 nsec clock. 

During calibration the SAMPLE pin adopts an alternative func- 
tion. If it is held LOW, D Q ut provides diagnostic test informa- 
tion (not intended to be used by the customer). If SAMPLE is 
held HIGH, D oux will be forced LOW. In either case, D oux 


CLK will continue pulsing. Since the SAMPLE pin has no con- 
trol over the actual calibration process, normal conversion tim- 
ing may also be used for calibration. In this case, however, the 
Dqut pin will output test information during those periods that 
SAMPLE is LOW. BUSY going LOW will always indicate the 
end of calibration. 

A calibration sequence should be followed by one “dummy” 
conversion to clear the internal circuitry of the AD 1876 in order 
to guarantee subsequent conversion accuracy. 

In most applications, it is sufficient to calibrate the AD 1876 
only upon power-up, in which case care should be taken that 
the power supplies and voltage reference have stabilized first. 

CONVERSION CONTROL 

The AD 1876 is controlled by two signals: SAMPLE and CLK, 
as shown in Figure 2. It is assumed that the part has been cali- 
brated and the digital I/O pins have the levels shown at the start 
of the timing diagram. 

A conversion consists of an input acquisition followed by 17 
clock pulses which are required to run the 16-bit internal suc- 
cessive approximation routine. The analog input is acquired by 
taking the SAMPLE line HIGH for a minimum acquisition time 
of t A . The actual sample taken is the voltage present on V IN at 
the instant the SAMPLE pin is brought LOW. Care should be 
taken to ensure that this negative edge is well defined and jitter 
free to reduce the uncertainty (noise) in ac signal acquisition. 

On that edge the AD 1876 commits itself to the initiated conver- 
sion— the input at V IN is disconnected from the internal capaci- 
tor array and the SAMPLE input will be ignored until the 
conversion is completed (i.e., BUSY goes LOW). After a delay 
of at least t sc (SAMPLE to CLK setup) the 17 CLK cycles are 
applied. BUSY is asserted after the first positive edge on CLK 
and reset after the 17th. Both the Dqut anc * the D OUT CLK 
outputs are generated in response to the rising edges of valid 
CLK pulses. As indicated in the timing diagram, the 2s comple- 
ment output data is presented MSB first. This data may be cap- 
tured with the rising edge of D oux CLK or the falling edge of 
CLK provided t CH > t CDH . The AD 1876 will ignore CLK after 
BUSY has gone LOW and not change D oux or D oux CLK 
until a new sample is acquired. SAMPLE will no longer be ig- 
nored after BUSY goes LOW, and so an acquisition may be ini- 
tiated even during the HIGH time of the 17th CLK pulse for 
maximum throughput rate while enabling full settling of the 
sample/hold circuitry. Note that if SAMPLE is already HIGH 
when BUSY goes LOW, then an acquisition is immediately ini- 
tiated and t A starts from that time. 

During signal acquisition and conversion, care should be taken 
with the logic inputs to avoid digital feedthrough noise. It is not 
recommended that CLK be running during V IN sampling. If a 
continuous CLK is used, then the user must avoid CLK edges 
at the instant of disconnecting V IN , i.e., the falling edge of 
SAMPLE (see the t sc specifications). The LOW level time of 
CLK (t CL ) should be at least 100 ns to avoid the negative edge 
transition disturbing the internal comparator’s settling (whose 
decision is latched on the positive edge of each valid CLK). For 
the same reason, it is also not recommended that the SAMPLE 
pin change state during conversion (i.e., until after BUSY re- 
turns LOW). 

Internal dc error terms such as comparator voltage offset are 
sampled, stored on internal capacitors and used to correct for 
their corresponding errors when needed. Because these voltages 
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are stored on capacitors, they are subject to leakage decay and 
so require refreshing. For this reason the part is required to be 
run continuously— i.e., there is a minimum t s specification. If 
the part has been idle for too long (i.e., t s has expired) then a 
dummy conversion cycle is required to refresh these correction 
voltages. 

BUSY is HIGH during a conversion and goes LOW when the 
conversion is completed. The twos complement output data is 
presented MSB first, with MSB data valid on the rising edge of 
the second D oux CLK pulse. Subsequent data is valid on rising 
edges of subsequent D OUT CLK pulses. Table I illustrates the 
AD 1876 output coding. 


V IN 

Output Code 

-Full Scale 

100. . 

00 

-Full Scale + 1 LSB 

100. . 

01 

Midscale - 1 LSB 

111. . 

11 

Midscale 

000. . 

00 

Midscale + 1 LSB 

000. . 

.01 

Full Scale - 1 LSB 

Oil. . 

. 10 

Full Scale 

Oil. . 

. 11 


Table /. Serial Output Coding Format (Twos Complement) 

A simple method for generating the required signals for the 
AD 1876 is to connect one or more AD 1876s to an NPC SM5805 
digital filter. This device supplies all signals required to operate 
the AD 1876 at a 96 kHz sample rate, which is 2 x F s for audio 
applications. This is more fully discussed in the applications sec- 
tion of this data sheet, accompanied by Figures 9 and 10. 

APPLICATIONS 

POWER SUPPLIES AND DECOUPLING 

The AD 1876 has three power supply input pins. V EE and V ct: 
provide the supply voltages to operate the analog portions of 
the AD 1876 including the ADC and SHA. V DD provides the 
supply voltage which operates the digital portions of the 
AD 1876 including the serial output port and the autocalibration 
controller. 


package pins as well as the ground connections. The logic sup- 
ply (V DD ) should be decoupled to digital common (DGND) 
with a 0.1 fxF ceramic capacitor, and the analog supplies (V EE 
and V cc ) should be decoupled to analog common (AGND) with 
4.7 (jlF and 0.1 fxF tantalum capacitors in parallel, represented 
by Cl. An effort should be made to minimize the trace length 
between the capacitor leads and the respective converter power 
supply and common pins. The recommended decoupling scheme 
is illustrated in Figure 3. 

As with most high performance linear circuits, changes in the 
power supplies can produce undesired changes in the perfor- 
mance of the circuit. Analog Devices recommends that well 
regulated power supplies with less than 1% ripple be incorpo- 
rated into the design of any system using these devices. 

BOARD LAYOUT 

Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a significant issue. 
A 1.22 mA current through a 0.5 O trace will develop a voltage 
drop of 0.6 mV, which is 4 LSBs at the 16 bit level for a 10 V 
full-scale span. In addition to ground drops, inductive and ca- 
pacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig- 
nals. Finally, power supplies need to be decoupled in order to 
filter ac noise. 

Analog and digital signals should not share a common return 
path. Each signal should have an appropriate analog or digital 
return routed close to it. Using this approach, signal loops en- 
close a small area, minimizing the inductive coupling of noise. 
Wide PC tracks, large gauge wire, and ground planes are highly 
recommended to provide low impedance signal paths. Separate 
analog and digital ground planes are also desirable, with a single 
interconnection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them, if at all, only at right angles. A solid analog 
ground plane around the AD 1876 will isolate large switching 
ground currents. For these reasons, the use of wire wrap circuit 
construction is not recommended; careful printed circuit con- 
struction is preferred. 


Decoupling capacitors should be used on all power supply pins. 
These capacitors should be placed as close as possible to the 



COMMON COMMON 

Figure 3. Grounding and Decoupling the ADI 876 


GROUNDING 

The AD 1876 has three grounding pins, designated ANALOG 
GROUND (AGND), DIGITAL GROUND (DGND) and ANA- 
LOG GROUND SENSE (AGND SENSE). The analog ground 
pin is the “high quality” ground reference point for the device. 
The analog ground pin should be connected to the analog com- 
mon point in the system. 

AGND SENSE is intended to be connected to the input signal 
ground reference point. This allows for slight differences in level 
between the analog ground point in the system and the input 
signal ground point. However, no more than 100 mV is recom- 
mended between the analog ground pin and the analog ground 
sense pin for specified performance. 

The digital ground pin is the reference point for all of the digital 
signals that operate the AD 1876. This pin should be connected 
to the digital common point in the system. As illustrated in 
Figure 3, the analog and digital grounds should be connected 
together at one point in the system. 
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VOLTAGE REFERENCE 

The AD 1876 requires the use of an external voltage reference. 
The input voltage range is determined by the value of the refer- 
ence voltage; in general, a reference voltage of n volts produces 
an input range of ±n volts. Signal-to-noise performance is in- 
creased proportionately with input signal range. The AD 1876 is 
specified with a 5.0 V reference and an analog input of ±5 V. 

In the presence of a fixed amount of system noise, increasing 
the LSB size (which results from increasing the reference volt- 
age) will increase the effective S/(N + D) performance for input 
values below the point where input distortion occurs. Figure 11 
illustrates S/(N + D) as a function of input amplitude and refer- 
ence voltage. 

During a conversion, the switched capacitor array of the 
AD 1876 presents a dynamically changing current load at the 
voltage reference as the successive-approximation algorithm cy- 
cles through various choices of capacitor weighting. The output 
impedance of the reference circuitry must be low so that the 
output voltage will remain sufficiently constant as the current 
drive changes. In most applications, this requires that the out- 
put of the voltage reference be buffered by an amplifier with 
low impedance at relatively high frequencies. A (10 jxF or 
larger) capacitor connected between V REF and AGND will re- 
duce the demands on the reference by decreasing the magnitude 
of high frequency components. 

The following two sections represent typical design approaches. 

VOLTAGE REFERENCE-AUDIO APPLICATIONS 

Audio applications require optimal ac performance over a rela- 
tively narrow temperature range, with low cost being important. 
Figure 4 shows one such approach towards attaining these goals. 
A voltage reference, consisting of a Zener diode, capacitor, resis- 
tor and op amp with typical component values, is shown. This 
simple circuit has the advantage of low cost, but the reference 
voltage value is sensitive to changes in the +12 V supply. Addi- 
tionally, changes in the Zener value due to temperature varia- 
tions will also be reflected in the reference voltage. Roption 
may be required for other component selections if the Zener 
requires more current than the op amp can supply. 



Figure 4. Low Cost Voltage Reference Circuit 

VOLTAGE REFERENCE-PRECISION MEASUREMENT 
APPLICATIONS 

In applications other than audio, parameters such as low drift 
over temperature and static accuracy are important. Figure 5 
shows a voltage reference circuit featuring the 5 V AD586. The 
AD586 is a low cost reference which utilizes a buried Zener ar- 
chitecture to provide low noise and drift. Over the 0°C to +70°C 


range, the AD586L grade exhibits less than a 2.25 mV output 
change from its initial value at +25°C. A noise-reduction capaci- 
tor, C N , reduces the broadband noise of the AD586 output, 
thereby optimizing the overall performance of the AD1876. 



For higher performance needs, the AD588 reference provides 
improved drift, low noise, and excellent initial accuracy. The 
AD588 uses a proprietary ion-implanted buried Zener diode in 
conjunction with laser-trimmed thin-film resistors for low offset 
and gain. The AD588 output is accurate to 0.65 mV from its 
value at +25°C over the 0°C to +70°C range. The circuit shown 
in Figure 6 includes a noise-reduction network on Pins 4, 6 and 
7. The 1 p.F capacitors form low pass filters with the internal 
resistance of the AD588 and external 3.9 kfl resistor. This re- 
duces the wide-band (to 1 MHz) noise of the AD588, providing 
optimum performance of the AD 1876. 



Figure 6. 

ANALOG INPUT 

As previously discussed, the analog input voltage range for the 
AD 1876 is ±V REF . For purposes of ground drop and common- 
mode rejection, the V 1N and V RE f inputs each have their own 
ground. V REF is referred to the local analog system ground 
(AGND), and V IN is referred to the analog ground sense pin 
(AGND SENSE) which allows a remote ground sense for the 
input signal. If AGND SENSE is not used, it should be con- 
nected to the AGND pin at the package. The AGND SENSE 
pin is intended to be tied to potentials within 100 mV of AGND 
to maintain specified performance. 

The AD 1876 analog inputs (V IN , V REF and AGND SENSE) 
exhibit dynamic characteristics. When a conversion cycle begins, 
each analog input is connected to an internal, discharged 50 pF 
capacitor which then charges to the voltage present at the corre- 
sponding pin. The capacitor is disconnected when SAMPLE is 
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taken LOW and the stored charge is used in the subsequent 
A/D conversion. In order to limit the demands placed on the 
external source by this high initial charging current, an internal 
buffer amplifier is employed between the input and this capaci- 
tance for a few hundred nanoseconds. During this time the 
input pin exhibits typically 20 kH input resistance, 10 pF in- 
put capacitance and ±40 |jlA bias current. Next, the input is 
switched directly to the now precharged capacitor and allowed 
to fully settle, after which SAMPLE is taken LOW. During this 
time the input sees only a 50 pF capacitor. Once the sample is 
taken, the input is internally floated so that the external input 
source sees a very high input resistance and a parasitic input 
capacitance of typically only 2 pF. As a result, the only domi- 
nant input characteristic which must be considered is the high 
current steps which occur when the internal buffers are switched 
in and out. 

In most cases, it is desirable to use external op amps to drive 
the AD 1876. For ac applications where low cost and low distor- 
tion are desired, the AD711 may be used as shown in Figure 7. 
Another option is the 5532/5534 series. Care should always be 
taken with op amp selection— many available op amps do not 
meet the necessary low distortion requirements with even mod- 
erate loading conditions. 



Figure 7. 

TESTING THE AD1876 

Analog Devices employs a high performance mixed signal VLSI 
tester to verify the electrical performance of every AD 1876. The 
test system consists of two main sections, an input signal genera- 
tor and a digital data and control section. 

The stimulus section is responsible for providing a high purity, 
noise-free, band limited tone to the input of the device. This 
input frequency is 1.06 kHz. The test tone is passed through a 
bandpass filter to remove distortion products and then buffered 
by a high performance op amp. An external 5.000 V reference 
voltage is also supplied by this section. 

The control section of the test equipment provides an external 
clock and the control signals for calibration, conversion and data 
transmission. This section of the tester also contains the process- 
ing unit that calculates the actual performance of the device un- 
der test. 


The test procedure consists of the following steps. First, the 
device is calibrated by its on-board controller. Next, the device 
under test digitizes the input waveform. This conversion is per- 
formed at a 96 kSPS rate and transmits the resulting serial data 
to the tester. The tester performs an FFT on the test data and 
determines the actual performance of the device. 

AC PERFORMANCE 

Using the aforementioned test methodology, ac performance 
of the AD 1876 is measured. AC parameters, which include 
S/(N + D), THD, etc., reflect the AD1876’s effect on the spec- 
tral content of the analog input signal. Figures 11 through 15 
provide information on the AD1876’s ac performance under a 
variety of conditions. 

As a general rule, averaging the results from several conversions 
reduces the effects of noise and, therefore, improves such pa- 
rameters as S/(N + D) and THD. ADI 876 performance is opti- 
mized by operating the device at its maximum sample rate of 
100 kSPS and digitally filtering the resulting bit stream to the 
desired signal bandwidth. This succeeds in distributing noise 
over a wider frequency range, thus reducing the noise density in 
the frequency band of interest. This subject is discussed in the 
following section. 

OVERSAMPLING AND NOISE FILTERING 

The Nyquist rate for a converter is defined as one-half its sam- 
pling rate. This is established by the Nyquist theorem, which 
requires that a signal be sampled at a rate corresponding to at 
least twice its widest bandwidth of interest in order to preserve 
the information content. Oversampling is a conversion technique 
in which the sampling frequency is an integral (2 or more) mul- 
tiple of twice the frequency bandwidth of interest. In audio ap- 
plications, the AD1876 can operate at a 2x oversampling rate. 

In quantized systems, the information content of the analog in- 
put is represented in the frequency spectrum from dc to the 
Nyquist rate of the converter. Within this same spectrum are 
higher frequency aliased noise components. Antialias, or low- 
pass, filters are used at the input to the ADC to remove the por- 
tion of these noise components attributed to high frequency 
analog input noise. However, wideband noise contributed by the 
AD 1876 will not be reduced by the antialias filter. The AD 1876 
contributed noise is evenly distributed from dc to the Nyquist 
rate, and this fact can be used to minimize its overall effect. 

The AD 1876 contributed noise effects can be reduced by over- 
sampling-sampling at a rate higher than defined by the 
Nyquist theorem. This spreads the noise energy over a distribu- 
tion of frequencies wider than the frequency band of interest, 
and by judicious selection of a digital filter, noise frequencies 
outside the bandwidth of interest may be eliminated. The pro- 
cess of quantization inherently produces noise, known as quanti- 
zation noise. The magnitude of this noise is a function of the 
resolution of the converter, and manifests itself as a limit to the 
theoretical signal-to-noise ratio achievable. This limit is de- 
scribed by S/(N+D) = (6.02 n + 1.76 + 10 log F s /2 F a ) dB, 
where n is the resolution of the converter in bits, F s is the sam- 
pling frequency, and F a is the signal bandwidth of interest. For 
audio bandwidth applications, the AD 1876 is capable of operat- 
ing at a 2 x oversample rate (96 kSPS), which typically produces 
an improvement in S/(N+D) of 3 dB compared with operating 
at the Nyquist conversion rate of 48 kSPS. Oversampling has 
another advantage as well; the demands on the antialias filter are 
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ADI 876 


lessened. In summary, system performance is optimized by run- 
ning the AD 1876 at or near its maximum sampling rate of 100 
kHz and digitally filtering the resulting spectrum to eliminate 
undesired frequencies. 


can be programmed to generate an interrupt after the last data 
bit is received. To maximize the conversion rate, SAMPLE 
should be brought HIGH immediately after the last data bit is 
received. 


DSP INTERFACE 

Figure 8 illustrates the use of the Analog Devices ADSP-2101 
digital signal processor with the AD1876. The ADSP-2101 FO 
(flag out) pin of serial port 1 (SPORT 1) is connected to the 
SAMPLE line and is used to control acquisition of data. The 
ADSP-2101 timer is used to provide precise timing of the FO 
pin. 


ADSP-2101 


ADI 876 


FO 


SAMPLE 


r SCLKO 


CLK 

SERIAL 

DRO 


d out 

PORT 0 J 

RFS0 


BUSY 


1 DT0 




[ TFS0 




Figure 8. ADSP-2101 Interface 

The SCLK pin of the ADSP-2101 SPORTO provides the CLK 
input for the AD 1876. The clock should be programmed to be 
approximately 2 MHz to comply with AD 1876 specifications. 
To minimize digital feedthrough, the clock should be disabled 
(by setting Bit 14 in SPORTO control register to 0) during data 
acquisition. Since the clock floats when disabled, a pulldown 
resistor of 12 k-15 kH should be connected to SCLK to ensure 
it will be LOW at the falling edge of SAMPLE. To maximize 
the conversion rate, the serial clock should be enabled immedi- 
ately after SAMPLE is brought LOW (hold mode). 

The x\D1876 BUSY signal is connected to RFO to notify 
SPORTO when a new data word is coming. SPORTO should be 
configured in normal, external, noninverting framing mode and 


SIGNAL PROCESSING 

An audio spectrum analyzer can be produced by combining an 
AD1876 and an ADSP-2101 signal processing microcomputer. 
This system can analyze signals from dc to 50 kHz depending 
on the sample rate. This is ideal for applications such as audio 
analysis, but could also be applied to vibration analysis as well. 

AUDIO DELAY LINE 

A high performance, 16-bit stereo delay line can be constructed 
from two AD 1876 audio ADCs, a signal processing microcom- 
puter and two AD 1856 audio DACs. Depending on the length 
of the internal buffer which produces the delay, a variable delay 
is possible. Other applications are also possible with only a 
change in software. For example, a reverb or echo effect could 
be generated as well. 

AD1876 AND SM5805 DIGITAL FILTER @ 2 F s 

A simple method for generating the required signals for the 
AD 1876 is to connect one or more AD 1876s to an NPC SM5805 
digital filter. This device supplies all signals required to operate 
the AD 1876 at a 96 kHz sample rate, which is 2 x F s for audio 
applications. 

To minimize group delay distortion, the input to the AD 1876 is 
filtered only by a low order analog filter. The AD 1876 samples 
the output of the filter at 2 F s (96 kHz). To prevent aliasing, 
the SM5805 filters the data with a sharp, linear phase filter roll- 
ing off at 0.5 F s . The resulting data is decimated to a sample 
rate of 48 kSPS. 

Interfacing the two chips is straight forward, as shown in Figure 
9. The start signal for the AD 1876 (for 96 kSPS operation) is 
provided by the S/H pin of the SM5805, and CLK is derived 
from the BCC pin. Figure 10 illustrates the corresponding tim- 



Figure 9. ADI 876 and SM5805 Digital Filter 


1/f s (f s = 48kHz) 
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Figure 10. SM5805 Timing Diagram 
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AMPLITUDE -dB 


Typical Dynamic Performance— ADI 876 
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Figure 11. S/(N+D ) vs. V REF vs. Input Amplitude 


Figure 12. S/(N+D ) vs. Input Frequency and Amplitude 
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Figure 13. 4096 Point FFT at 96 kSPS, f IN = 1.06 kHz 


Figure 14. IMD Plot for f IN = 1008 Hz (f a ), 1055 Hz (f b ) at 
96 kSPS 
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Figure 15. Power Supply Rejection (f IN =1.06 kHz , 
f sample ~ 96 kSPS, V R i PPLE = 0.3 V p—p) 
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□ ANALOG 
DEVICES 


High Performance Stereo 
16-Bit Oversampled ADC 


ADI 878 


FEATURES 
Dual Channel 

98 dB Signal-to-Noise Ratio 

98 dB THD+N 

0.0004 dB Passband Ripple 

115 dB Stopband Attenuation 

64 x Oversampling 

Linear Phase 

APPLICATIONS 
DAT and DCC Tape Players 
Direct-to-Disc Recorders 
Digital Audio Editors 
Digital Mixing Consoles 

PRODUCT DESCRIPTION 

The AD1878 is a two-channel, 16-bit oversampled digital audio 
ADC. Each channel incorporates a high performance one-bit 
noise shaping modulator and a digital decimating filter. An on- 
board voltage reference is also included. ADC output data is 
transmitted from a flexible serial data port. The circuitry of the 
AD 1878 is segmented between two monolithic chips. 

The voltage reference and one-bit modulators are fabricated on a 
BiCMOS chip. The reference circuitry provides a reference, volt*, 
age that is stable over temperature and time. Using an external 
master clock, the one-bit modulators operate at a 64 x P s over- | 
sampling ratio. This oversampling ratio permits the antialias fil- 
ters to be simple resistor-capacitor combinations and results in 
linear phase throughout the passband. The modulators are 5th 
order and employ differential switched capacitor filters to pro- 
vide the required noise shaping characteristics and extremely 
low distortion. 

The digital decimating filters and serial port are fabricated using 
a CMOS process. Using a proprietary technique, these single- 
stage digital filters provide a narrow transition band, deep stop- 
band attenuation and low passband ripple. 

The output port provides a single, serial bit stream which can 
operate in several MASTER or SLAVE modes. It is controlled 
by a clock and mode select pins. The format of the data is twos 
complement, MSB first. The output signals are TTL and 5 volt 
CMOS compatible. Output words may be transmitted in a right- 
justified, I 2 S or user-defined format. 


FUNCTIONAL BLOCK DIAGRAM 


The AD 1878 operates with ±5 volt power supplies. Separate 
digital and analog power supplies and ground connections are 
provided for reduced digital crosstalk. The AD 18 78 is guaran- 
teed to operate over a temperature range of -25°C to +70°C 
and is packaged in a 28-pin plastic DIP. 

PRODUCT HIGHLIGHTS 

1. 64 x F s sampling rate. 

2. From 2.5 kHz to 50 kHz output word rates. 

3. Passband ripple is less than 0.001 dB. 

4. Stopband attenuation is 115 dB. 

5. Excellent low level signal performance is achieved. 

6. No sample-and-hold circuits are required. 



WCK 

DATA 

CLOCK 

SI 

RESET 

DGND 

DV dd 

AV SS 1 

AV 00 2 

AV dd 1 

NC 

VINL- 

VINL+ 


15 REFL 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADI 878 —SPECIFICATIONS @ ± 5 volt Supplies, T A = +25°C, Clock = 12.288 MHz 


Parameter 

Target 

Units 

RESOLUTION 

18 

Bits 

OVERSAMPLING RATIO 

64 

x F s 

DYNAMIC RANGE, 0 kHz to 20 kHz, No A-Weight Filter 



Stereo Mode 1 

98 

dB 

Mono Mode 2 

101 

dB 

SIGNAL TO (NOISE + DISTORTION) 



0 dB, 1 kHz 

98 

dB 

-20 dB, 1 kHz 

85 

dB 

-60 dB, 1 kHz 

45 

dB 

ANALOG INPUTS 



Input Range 

±3 

■ V. 

Input Impedance 

12.8 ^ g 

kn 

REFERENCE OUTPUT 



Output Voltage 

* $+, W 

V 

Output Impedance 

, , % V .... . 


DC ACCURACY 1 



Gain Matching 

I** 1 

dB 

Gain Error C ^ % Jp* 

Gain Drift ^ 1 


% 

ppm/°C 

Midscale Error 

20^ V 

LSBs 

Midscale Drift % 


ppm/°C 

PHASE DEVIATION (Interchannel) 

Below Measurable Limit 

Degrees 

CROSSTALK ^ 



20 kHz, EIAJ Method 

105 

dB 

DIGITAL FILTER CHARACTERISTICS 



Passband Ripple 

0.001 

dB 

Stopband Attenuation 

12.288 MHz Master Clock 4 

115 

dB 

Passband Edge 

21.7 

kHz 

Stopband Edge 

11.2896 MHz Clock 5 

26.2 

kHz 

Passband Edge 

20 

kHz 

Stopband Edge 

24.1 

kHz 

DIGITAL INPUTS AND OUTPUTS 



v IH 

2.0 

V 

v JL 

0.8 

V 

Iih @ V IH = 5 V 

10 

|xA 

Iil @ v IL = 0 V 

10 

|xA 

Voh @ Ioh ~ 4 mA 

4.5 

V 

Vql @ ^ol = 4 mA 

0.5 

V 

NOMINAL MASTER CLOCK FREQUENCY 

12.288 

MHz 

POWER SUPPLIES 



Voltage, +V L and +V S 

5 

V 

Voltage, -V L and -V s 

-5 

V 

Current, +I L and +I S 

TBD 

mA 

Current, -I L and -I s 

TBD 

mA 

POWER DISSIPATION 



Operation 

900 

mW 

Power Down APD = “1” 

400 

mW 

POWER SUPPLY REJECTION RATIO 

67 

dB 

TEMPERATURE RANGE 



Specification 

25 

°C 

Operation 

-25 to +70 

°C 

Storage 

-60 to +100 

°c 


NOTES 

Stereo Mode uses output of each channel independently. 

2 Mono Mode sums output words to derive higher Dynamic Range. 
3 16-bit LSBs. 


4 Master Clock Frequency for 48 kHz sample rate. 
5 Master Clock Frequency for 44. 1 kHz sample rate. 
Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ANALOG 

DEVICES 


High Performance Stereo 
18-Bit Oversampled ADC 


ADI 879 


FEATURES 
Dual Channel 

103 dB Signal-to : Noise Ratio 
98 dB THD+N 
0.0004 dB Passband Ripple 
115 dB Stopband Attenuation 
64 x Oversampling 
Linear Phase 

APPLICATIONS 

Pro Audio Digital Tape Recorders 
Direct-to-Disc Recorders 
Digital Audio Editors 
Digital Mixing Consoles 

PRODUCT DESCRIPTION 

The AD 1879 is a two-channel, 18-bit oversampled digital audio 
ADC. Each channel incorporates a high performance one-bit 
noise shaping modulator and a digital decimating filter. An on- 
board voltage reference is also included. ADC output data is 
transmitted from a flexible serial data port. The circuitry of the 
AD 1879 is segmented between two monolithic chips. 

The voltage reference and one-bit modulators are fabricated qn & 

BiCMOS chip. The reference circuitry provides a reference volt- 
age that is stable over temperature and time. Using an external 
master clock, the one-bit modulators operate at a 64 x F s ovei*- V,RR * 
sampling ratio. This oversampling ratio peptiits the antialias> 
filters to be simple resistor-capacitor combinations and results in REFR 
linear phase throughout the passband. The modulators are 5th 
order and employ differential switched capacitor filters to pro- 
vide the required noise shaping characteristics and extremely 
low distortion. 


FUNCTIONAL BLOCK DIAGRAM 


ADI 879 






91 








The digital decimating filters and serial port are fabricated using 
a CMOS process. Using a proprietary technique, these single- 
stage digital filters provide a narrow transition band, deep stop- 
band attenuation and low passband ripple. 

The output port provides a single, serial bit stream which can 
operate in several MASTER or SLAVE modes. It is controlled 
by clock and mode select pins. The format of the data is twos 
complement, MSB first. The output signals are TTL and 5 volt 
CMOS compatible. Output words may be transmitted in a right- 
justified, I 2 S or user-defined format. 


PRODUCT HIGHLIGHTS 

1. 64 x F s sampling rate. 

2. Passband ripple i§ less than 0.001 dB. 

3. Stopband attenuation is 115 dB. 

4. Excellent low level signal performance is achieved. 

5. No sample-and-hold circuits are required. 

6. Fully differential analog inputs. 

7. Extremely flexible serial data output port. 


The AD 1879 operates with ±5 volt power supplies. Separate 
digital and analog power supplies and ground connections are 
provided for reduced digital crosstalk. The AD 1879 is guaran- 
teed to operate over a temperature range of -25°C to +70°C 
and is packaged in a 28-pin plastic DIP. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD1879— SPECIFICATIONS 


@ ±5 V Supplies, T a = 25°C, Clock = 12.288 MHz 


Parameter 


Target 


Units 


RESOLUTION 


Bits 


OVERSAMPLING RATIO 


64 


x F s 


DYNAMIC RANGE, 0 kHz to 20 kHz, No A-Weight Filter 
Stereo Mode 1 
Mono Mode 2 


103 

106 


dB 

dB 


SIGNAL TO (NOISE - 
0 dB, 1 kHz 
-20 dB, 1 kHz 
-60 dB, 1 kHz 


DISTORTION) 


98 

85 

45 


dB 

dB 

dB 


ANALOG INPUTS 
Input Range 
Input Impedance 


±3 

12.8 


V 

kn 


REFERENCE OUTPUT 
Output Voltage 
Output Impedance 


, 3#l§, 

TBD 


DC ACCURACY 
Gain Matching 
Gain Error 
Gain Drift 
Midscale Error 
Midscale Drift 


I # TBD 1 
TBD 
TBD 

:■ ' 20 gk 

TBD 


dB 

% 

ppm/°C 

LSBs 

ppm/°C 


PHASE DEVIATION (Interchannel) 


Below Measurable Limit 


Degrees 


CROSSTALK 
20 kHz, EIAJ Method 


105 


dB 


DIGITAL FILTER CHARACTERISTICS 
Passband Ripple 
Stopband Attenuation 
12.288 MHz Master Clock 4 
Passband Edge 
Stopband Edge 
11.2896 MHz Clock 5 
Passband Edge 
Stopband Edge 


0.001 

115 


21.7 

26.2 


20 

24.1 


dB 

dB 


kHz 

kHz 


kHz 

kHz 


DIGITAL INPUTS AND OUTPUTS 

V IH 

V IL 

IiH <§? V IH = 5 V 
IiL §V IL = 0V 
Vqh @ Ioh = 4 mA 

V OL @ Iql = 4 mA 


2.0 

0.8 

10 

10 

4.5 

0.5 


V 

V 
HA 
|xA 

V 

V 


NOMINAL MASTER CLOCK FREQUENCY 


12.288 


MHz 


POWER SUPPLIES 
Voltage, +V L and +V S 
Voltage, — V L and V s 
Current, +I L and +I S 
Current, -I L and -I s 


5 

-5 

TBD 

TBD 


V 

V 

mA 

mA 


POWER DISSIPATION 
Operation 

Power Down APD = “1” 


900 

400 


mW 

mW 


POWER SUPPLY REJECTION RATIO 


67 


dB 


TEMPERATURE RANGE 
Specification 
Operation 
Storage 


25 

-25 to +70 
-60 to +100 


°C 

°c 

°c 


NOTES 

Stereo mode uses output of each channel independently. 

2 Mono mode sums output words to derive higher dynamic range. 
3 16-bit LSBs. 


4 Master Clock Frequency for 48 kHz sample rate. 
5 Master Clock Frequency for 44. 1 kHz sample rate. 
Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


3-18 AUDIO A/D CONVERTERS 


REV. 0 



ANALOG 

DEVICES 


FEATURES 
Dual Channel 

85 dB Signal-to-Noise Ratio 
85 dB THD+N 
±0.01 dB Passband Ripple 
80 dB Stopband Attenuation 
64 Times Oversampling 
Linear Phase 

APPLICATIONS 
RDAT Machines 

High Performance Sampling Keyboards 
Multimedia Workstations 


PRODUCT DESCRIPTION AVssa 

The AD 1885 is a two-channel, 16-bit oversampled Digital Audio " ; AGND 
ADC. Each channel incorporates a high performance one-bit * 

noise-shaping modulator and a digital decimating filter. An on** 
board voltage reference is also included. ADC output data is 
transmitted from a flexible serial data port. The circuitry of the Vin R+ 

AD 1885 is segmented between two monolithic chips. REFR 

The reference circuitry provides a reference voltage that is stable 
over temperature and time. Using an external master clock, the 
one-bit modulator operates at 64 x F s oversampling rate. This 
oversampling rate permits the antialias filters to be simple 
resistor-capacitor combinations and results in linear phase ^he AD 

throughout the passband. The third-order modulators employ ta ^ anc * a 

differential switched capacitor filters to provide the required ta ^ crosst 

noise-shaping characteristics and extremely low distortion. tempera t 

aged in a 

The digital decimating filters and serial port are fabricated using 
a CMOS process. Using a proprietary technique, these single- PRODU 

stage digital filters provide a narrow transition band, deep stop- 
band attentuation and low passband ripple. 1. 64 x 

2 44 1, 

The output port provides right and left channel data in a single, 
serial bit stream controlled by user-supplied BCK, LRCK and ^ ^ ass ^ 

WCK signals. The twos complement, MSB first data can be 4. Stopb 

transmitted in a right-justified, left-justified or user-defined 5. Excel] 

format. A "Mo sa 


Low-Cost Stereo 
16-Bit Oversampled ADC 


ADI 885 


FUNCTIONAL BLOCK DIAGRAM 



VOLTAGE 

REFERENCE 


NC = NO CONNECT 

The AD 1885 operates with ±5 V power supplies. Separate digi- 
tal and analog ground connections are provided for reduced digi- 
tal crosstalk. The AD 1885 is guaranteed to operate over a 
temperature range of -25°C to +70°C. The AD1885 is pack- 
aged in a 28-pin plastic SOIC. 

PRODUCT HIGHLIGHTS 


1. 64 x F s sampling rate. 

2. 44.1, 48 and 32 kHz output word rates. 

3. Passband ripple is less than ±0.01 dB. 

4. Stopband attenuation is 80 dB. 

5. Excellent low-level performance. 

6. No sample-and-hold circuits are required. 

7. Analog inputs are fully differential. 

8. Serial data output port. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADI 885 —SPECIFICATIONS 


(@ ±5 V Supplies, T a = +25°C, Clock = 18 x 432 MHz (= 384 x 48 kHz)) 


Parameter 

Target 

Unit 

RESOLUTION 

16 

Bits 

OVERSAMPLING RATIO 

64 

x F s 

DYNAMIC RANGE, 0 to 20 kHz, NO A-WEIGHT FILTER 



Stereo Mode 1 

85 

dB 

THD+N (SIGNAL TO (NOISE + DISTORTION)) 



0 dB, 1 kHz 

85 

dB 

-20 dB, 1 kHz 

TBD 

dB 

-60 dB, 1 kHz 

TBD 

dB 

ANALOG INPUTS 



Input Range 

±3 

V 

Input Impedance 

30 

m 

REFERENCE OUTPUT 



Output Voltage 

^ vt * 

V 

Output Impedance 

jpiv'TBD 


DC ACCURACY 



Gain Matching % 

TBD 

dB 

Gain Error 

Gain Drift 

Midscale Error ' 

|\Cj TBD 

% 

TBD 

ppm/°C 

& A. TBD 

LSBs 2 

Midscale Drift % ' 1L 

TBD 

ppm/°C 

PHASE DEVIATION (INTERCHANNEL) 

^ ^ TBD 

Degrees 

CROSSTALK | f 



20 kHz, EIAJ Method 

90 

dB 

DIGITAL FILTER CHARACTERISTICS 



Passband Ripple 

±0.01 

dB 

Stopband Attenuation 

80 

dB 

18.432 MHz Master Clock 3 (= 384 x 48 kHz) 



Passband Edge 

21.6 

kHz 

Stopband Edge 

26.4 

kHz 

16.9344 MHz Master Clock 4 (= 384 x 44.1 kHz) 



Passband Edge 

19.8 

kHz 

Stopband Edge 

24.3 

kHz 

DIGITAL INPUT AND OUTPUTS 



v IH 

2.0 

V 

v IL 

0.8 

V 

Iih @ V IH = 5 V 

10 

jxA 

IiL @ V IL = 0 V 

10 

|xA 

Voh @ ^oh = 4 mA 

4.5 

V 

Vql @ Iol = 4 mA 

0.5 

V 

MASTER CLOCK FREQUENCY 

18.432 

MHz 

POWER SUPPLIES 



Voltage, AVDD1 and AVDD2 

5 

V 

Voltage, AVSS1 and AVSS2 

-5 

V 

Current, +I L and I s 

TBD 

mA 

Current, -I L and -I s 

TBD 

mA 

POWER DISSIPATION 



Operation 

500 

mW 

Power Down APD = “1” 

375 

mW 

POWER SUPPLY REJECTION RATIO (IN BAND) 

50 

dB 

TEMPERATURE RANGE 



Specification 

+25 

°C 

Operation 

-25 to +70 

°C 

Storage 

—60 to +100 

°C 


NOTES 

1 Stereo mode uses output of each channel. 
2 16-bit LSBs. 


3 Master Clock Frequency for 48 kHz sample rate. 

4 Master Clock Frequency for 44. 1 kHz sample rate. 
Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Video Analog-to-Digital Converters 




Sample 

Input 

Power 




Res 

Rate 

Bandwidth 

Dissipation 



Model 

Bits 

(MSPS) 

MHz, -3 dB 

W 

Page 

Comments 

AD9048 

8 

35 

15 

0.55 
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AD773 

10 

18 

100 

1.3 

4-3 

On-Board Track and Hold, Evaluation PCB 

AD9020 

10 

60 

175 

2.8 

4-19 

Evaluation PCB 
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AD9060 

10 

75 

175 

2.8 

4-39 

Evaluation PCB 
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ANALOG 

DEVICES 


10-Bit 18 MSPS 
Monolithic A/D Converter 


AD773 


FEATURES 

Monolithic 10-Bit 18 MSPS A/D Converter 
Low Power Dissipation: 1.2 W 
Signal-to-Noise Plus Distortion Ratio 
f IN = 1 MHz: 55 dB 
f IN = 8 MHz: 52 dB 
Guaranteed No Missing Codes 
On-Chip Track-and-Hold Amplifier 
100 MHz Full Power Bandwidth 
High Impedance Reference Input 
Out of Range Output 

Twos Complement and Binary Output Data 
Available in Commercial and Military Temperature 
Ranges 


FUNCTIONAL BLOCK DIAGRAM 

REFIN REFGND AV DD AGND AV SS DV dd DGND DRV dd DRGND 



PRODUCT DESCRIPTION 

The AD773 is a monolithic 10-bit, 18 MSPS analog-to-digital 
converter incorporating an on-board, high performance track- 
and-hold amplifier (THA). The AD773 converts video band- 
width signals without the use of an external THA. The AD773 
implements a multistage differential pipelined architecture with 
output error correction logic. The AD773 offers accurate perfor- 
mance and guarantees no missing codes over the full operating 
temperature range. 

Output data is presented in binary and twos complement for- 
mat. An out of range (OTR) signal indicates the analog input 
voltage is beyond the specified input range. OTR can be 
decoded with the MSB/MSB pins to signal an underflow or 
overflow condition. The high impedance reference input allows 
multiple AD773s to be driven in parallel from a single reference. 

The combined dc precision and dynamic performance of the 
AD773 is useful in a variety of applications. Typical applications 
include: video enhancement, HDTV, ghost cancellation, ultra- 
sound imaging, radar and high speed data acquisition. 

The AD773 was designed using Analog Devices’ ABCMOS-1 
process which utilizes high speed bipolar and 2-micron CMOS 
transistors on a single chip. High speed, precision analog cir- 
cuits are now combined with high density logic circuits. Laser 
trimmed thin film resistors are used to optimize accuracy and 
temperature stability. 

The AD773 is packaged in a 28-pin ceramic DIP and is avail- 
able in commercial (0°C to + 70°C) and military (-55°C to 
+ 125°C) grades. 


PRODUCT HIGHLIGHTS 

1. On-board THA 

The high impedance differential input THA eliminates the 
need for external buffering or sample and hold amplifiers. 
The THA offers the choice of differential or single-ended 
inputs. Input current is typically 5 |jlA. 

2. High Impedance Reference Input 

The high impedance reference input (2 00 kfi) allows direct 
connection with standard +2.5 V references, such as the 
AD680, AD580 and REF43. 

3. Output Data Flexibility 

Output data is available in bipolar offset and bipolar twos 
complement binary format. 

4. Out of Range (OTR) 

The OTR output bit indicates when the input signal is be- 
yond the AD773’s input range. 
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AD773 -SPECIFICATIONS 


no rnroiFiKHTinuc n - » wM «v„ = *s V ± s%. n„ = -s V ± s%. w„ » +S » ± S*. 
UU OrtulNUAI luNo DRV dd = +5 V ± 5%, V REF = +2.500 V unless otherwise indicated) 


Parameter 

Min 

AD773J 

Typ 

Max 

Min 

AD773K 

Typ 

Max 

Units 

RESOLUTION 

i 10 _ __ _J 

10 1 

Bits 

DC ACCURACY (+25°C) 








Integral Nonlinearity 







LSB 

Tmin t0 T MA x 


±1 



±0.75 

±2 

LSB 

Differential Linearity Error 







LSB 

Tmin t0 T max 


±1 



±0.75 

±1 

LSB 

Offset 


0.5 



0.5 

3.5 

% FSR 

Gain Error 


0.5 



0.5 

2.0 

% FSR 

No Missing Codes 





GUARANTEED 



ANALOG INPUT 








Input Range 


1 



1 


V p-p 

Input Current 


5 

20 


5 

20 

|xA 

Input Capacitance 



10 



10 

pF 

REFERENCE INPUT 








Reference Input Resistance 

50 

200 


50 

200 


kn 

Reference Input 


2.5 



2.5 


Volts 

LOGIC INPUT 








High Level Input Voltage 

+3.5 



+ 3.5 



V 

Low Level Input Voltage 



+ 1.0 



+ 1.0 

V 

High Level Input Current (V IN = DV dd ) 

-10 


+ 10 

-10 


+ 10 

|iA 

Low Level Input Current (V IN = 0 V) 

-10 


+ 10 

-10 


+ 10 

|aA 

Input Capacitance 


10 



10 


pF 

LOGIC OUTPUTS 








High Level Output Voltage (I OH = 0.5 mA) 

+2.4 



+2.4 



V 

Low Level Output Voltage (I OL =1.6 mA) 



+0.4 



+0.4 

V 

POWER SUPPLIES 








Operating Voltages 








av dd 

+4.75 


+ 5.25 

+4.75 


+ 5.25 

Volts 

AV SS 

-5.25 


-4.75 

-5.25 


-4.75 

Volts 

DV dd , DRV dd 

+4.75 


+5.25 

+4.75 


+5.25 

Volts 

Operating Current 








iav dd 


85 

100 


85 

100 

mA 

IAV SS 


-140 

-185 


-140 

-185 

mA 

idv dd 


15 

20 


15 

20 

mA 

IDRV dd ‘ 


10 

15 


10 

15 

mA 

POWER CONSUMPTION 2 


1.2 

1.5 


1.2 

1.5 

W 

POWER SUPPLY REJECTION 


6 

16 


6 

16 

mV/V 

TEMPERATURE RANGE 








Specified (J/K) 

0 


+70 

0 


+70 

°C 


NOTES 

*C L = 15 pF typical. 

2 100% production tested. 

Specifications subject to change without notice. See Definition of Specifications for additional information. 
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AC SPECIFICATIONS 


(T mih to T max with AV dd = +5 V ± 5%, AV S? = -5 V ± 5%, DV dd = +5 V ± 5%, DRV dd = +5 V 
± 5%, V REF = +2.500 V unless otherwise indicated, f SAMPLE = 18 MSPS, f, N amplitude = ->0.3 dB) 


Parameter 

AD773J 

Min Typ Max 

AD773K 

Min Typ Max 

Units 

DYNAMIC PERFORMANCE 1 




Signal-to-Noise plus Distortion 




(S/N+D) Ratio 




f IN = 1 MHz 

52 56 

54 56 

dB 

f IN = 8.1 MHz 

45 53 

47 53 

dB 

f IN = 9 MHz 

53 

53 

dB 

Effective Number of Bits (ENOB) 




f IN = 1 MHz 

9.0 

9.0 

Bits 

f IN = 8.1 MHz 

8.5 

8.5 

Bits 

f IN = 9 MHz 

8.5 

8.5 

Bits 

Total Harmonic Distortion (THD) 




f IN = 1 MHz 

-64 -57 

-64 -59 

dB 

f IN = 8.1 MHz 

-55 -46 

-55 -48 

dB 

f IN = 9 MHz 

-56 

-56 

dB 

Spurious Free Dynamic Range 2 

-67 

-67 

dB 

Full Power Bandwidth 

100 

100 

MHz 

Intermodulation Distortion (IMD) 3 




Second Order Products 

-69 

-69 

dB 

Third Order Products 

-63 

-63 

dB 

Differential Phase 

0.2 

0.2 

Degree 

Differential Gain 

0.8 

0.8 

% 

Transient Response 

25 

25 

ns 

Overvoltage Recovery Time 

25 

25 

ns 


NOTES 

‘For typical dynamic performance curves at f S AMPLE = 16.2 MSPS and 18 MSPS, see Figures 2 through 13. 
2 f IN = 1 MHz. 

3 fa = 1.0 MHz, fb = 1.05 MHz. 

Specifications subject to change without notice. 


TiMikift enrol no ATinuc ^ or grades T Mm to T MAX with AV DD — +5 V ± 5%, AV SS — — 5 V ± 5%, DV dd — +5 V ± 5%, 
llmlNu OrtUrlbAIIUNo DRV dd = +5 V ± 5%, V REF = +2.500 V unless otherwise indicated, f SAMPLE = 18 MSPS) 



Symbol 

Min 

Typ 

Max 

Units 

Conversion Rate 




18 

MSPS 

Clock Period 

tcLK 

55 



ns 

Clock High 

tcH 

27 



ns 

Clock Low 

l CL 

27 



ns 

Output Delay 

toD 


20 


ns 

Aperture Delay 



7 


ns 

Aperture Jitter 



9 

32 

ps 

Pipeline Delay (Latency) 




4 

Clock Cycles 


VIN 

CLOCK 

BIT 1-10 
MSB, OTR 



Figure 1. AD773 Timing Diagram 


REV. 0 


VIDEO A/D CONVERTERS 4-5 


AD773 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 



ABSOLUTE MAXIMUM RATINGS* 


Parameter 

With Respect to 

Min 

Max 

Units 

AV dd 

AGND 

-0.5 

+6.5 

V 

AV SS 

AGND 

-6.5 

+0.5 

V 

DV dd , DRV dd 

DGND, DRGND 

-0.5 

+6.5 

V 

AGND 

DGND, DRGND 

-1.0 

+ 1.0 

V 

av dd , av ss 

DV dd , DRV dd 

-6.5 

+0.5 

V 

CLK 

DV dd , DRV dd 

-6.5 

+0.5 

V 

REFIN 

REFGND, AGND 

-0.5 

+6.5 

V 

Junction Temperature 



+ 150 

°c 

Storage Temperature 


-65 

+ 150 

°c 

Lead Temperature 





(10 sec) 



+ 300 

°c 


*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods may affect device reliability. 


ORDERING GUIDE 


Model 

Temperature 

Range 

Description 

Package 

Option* 

AD773JD 

0°C to +70°C 

28-Pin Ceramic DIP 

D-28 

AD773KD 

0°C to +70°C 

28-Pin Ceramic DIP 

D-28 


*D = Ceramic DIP. For outline information see Package Information section. 


PIN CONFIGURATION 


REFGND [T 

• W 

E] 

REFIN \T 


E] 

AV SS [T 


n 

AV DD [T 

AD773 

H 

AGND [F 

El 

DGND [F 

TOP VIEW 
(Not to Scale) 

23] 

DRV dd |T 


22] 

DRGND [F 


a 

BIT 10 (LSB) [F 


ei 

BIT 9 [iF 


2D 

BIT 8 [TT 


El 

BIT 7 [l2 


El 

BIT 6 [jF 


El 

BITS |jT 


El 


AGND 

V INB 

V, NA 

AV SS 

ov DD 

CLK 

DRV dd 

DRGND 

OTR 

MSB 

BIT 1 (MSB) 
BIT 2 
BIT 3 
BIT 4 


PIN DESCRIPTION 


Symbol 

Pin No. 

Type 

Name and Function 

AGND 

5, 28 

P 

Analog Ground. 

av dd 

4 

P 

+ 5 V Analog Supply. 

AV SS 

3, 25 

P 

-5 V Analog Supply. 

BIT 1 (MSB) 

18 

DO 

Most Significant Bit. 

BIT 2-BIT 9 

17-10 

DO 

Data Bit 2 through Data Bit 9. 

BIT 10 (LSB) 

9 

DO 

Least Significant Bit. 

CLK 

23 

DI 

Clock Input. The AD773 will initiate a conversion on the falling edge of the clock input. See the 
Timing Diagram for details. 

DV dd 

24 

P 

+ 5 V Digital Supply. 

DRV dd 

7, 22 

P 

+ 5 V Digital Supply for the output drivers. 

DGND 

6 

P 

Digital Ground. 

DRGND 

8,21 

P 

Digital Ground for the output drivers. 

MSB 

19 

DO 

Inverted Most Significant Bit. Provides twos complement output data format. 

OTR 

20 

DO 

Out of Range is Active HIGH on the leading edge of Code 0 or the trailing edge of Code 1023. 
See Output Data Format Table II. 

REF GND 

1 

AI 

REF GND is connected to the ground of the external reference. 

REF IN 

2 

AI 

REF IN is the external 2.5 V reference input, taken with respect to REF GND. 

Vina 

26 

AI 

(+) Analog input signal to the differential input THA. 

Vinb 

27 

AI 

(-) Analog input signal to the differential input THA. 


Type: AI = Analog Input; DI = Digital Input; DO = Digital Output; P = Power. 
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INTEGRAL NONLINEARITY (INL) 

Linearity error refers to the deviation of each individual code 
from a line drawn from “zero” through “full scale.” The point 
used as “zero” occurs 1/2 LSB before the first code transition. 
“Full scale” is defined as a level 1 1/2 LSB beyond the last code 
transition. The deviation is measured from the center of each 
particular code to the true straight line. 

DIFFERENTIAL LINEARITY ERROR (DNL, NO 
MISSING CODES) 

An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from this ideal value. 

OFFSET 

The first transition should occur at a level 1/2 LSB above 
“zero.” Offset is defined as the deviation of the actual first code 
transition from that point. 

GAIN ERROR 

The last code transition should occur for an analog value 1 1/2 
LSB below the nominal full scale. The gain error is the devia- 
tion of the actual level at the last transition from the ideal level. 

POWER SUPPLY REJECTION 

One of the effects of power supply variation on the performance 
of the device will be a change in gain error. The specification 
shows the maximum gain error deviation as the supplies are var- 
ied from their nominal values to their specified limits. 

SIGNAL-TO-NOISE PLUS DISTORTION (S/N+D) 

RATIO 

S/N+D is the ratio of the rms value of the measured input sig- 
nal to the rms sum of all other spectral components including 
harmonics but excluding dc. The value for S/N+D is expressed 
in decibels. 

EFFECTIVE NUMBER OF BITS (ENOB) 

ENOB is calculated from the following expression: 

S/N+D = 6.02N + 1.76, where N is equal to the effective 
number of bits. 

TOTAL HARMONIC DISTORTION (THD) 

THD is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value of the measured input signal and is 
expressed as a percentage or in decibels. 

SPURIOUS FREE DYNAMIC RANGE 

The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and dc. This 
value is expressed in decibels relative to the rms value of a full- 
scale input signal. 


INTERMODULATION DISTORTION (IMD) 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m+n), at sum and difference frequencies of mfa±nfb, 
where m, n = 0, 1, 2, 3 . . . . Intermodulation terms are those 
for which m or n is not equal to zero. For example, the second 
order terms are (fa+fb) and (fa-fb) and the third order terms 
are (2fa+fb), (2fa-fb), (fa+2fb) and (fa-2fb). The IMD prod- 
ucts are expressed as the decibel ratio of the rms sum of the 
measured input signals to the rms sum of the distortion terms. 
The two signals are of equal amplitude and the peak value of 
their sums is -0.5 dB from full scale. The IMD products are 
normalized to a 0 dB input signal. 

DIFFERENTIAL GAIN 

The percentage difference between the output amplitudes of a 
small high frequency sine wave at two stated levels of a low fre- 
quency signal on which it is superimposed. 

DIFFERENTIAL PHASE 

The difference in the output phase of a small high frequency 
sine wave at two stated levels of a low frequency signal on which 
it is superimposed. 

TRANSIENT RESPONSE 

The time required for the AD773 to achieve its rated accuracy 
after a full-scale step function is applied to its input. 

OVERVOLTAGE RECOVERY TIME 

The time required for the ADC to recover to full accuracy after 
an analog input signal 150% of full scale is reduced to 50% of 
the full-scale value. 

APERTURE DELAY 

The difference between the switch delay and the analog delay of 
the THA. This effective delay represents the point in time, rela- 
tive to the rising edge of the CLOCK input, that the analog in- 
put is sampled. 

APERTURE JITTER 

The variations in aperture delay for successive samples. 

PIPELINE DELAY (LATENCY) 

The number of clock cycles between conversion initiation and 
the associated output data being made available. New output 
data is provided every clock cycle. 

FULL POWER BANDWIDTH 

The input frequency at which the amplitude of the recon- 
structed fundamental is reduced by 3 dB for a full-scale input. 
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AD773— Dynamic Characteristics 



FREQUENCY - Hz 


Figure 2. S/N+D vs. Input Frequency, f CLK = 18 MSPS 



100k 1M 10M 100M 

FREQUENCY - Hz 

Figure 5. Harmonic Distortion vs. Input Frequency, 
f CL K =7# MSPS: Small Signal 



Figure 3. CMR vs. Input Frequency f CLK =18 MSPS Figure 6. Typical FFT Plot of AD773, f CLK = 18 MSPS, 

f IN = 1 MHz at 1 V p-p 



FREQUENCY - Hz 


Figure 4. Harmonic Distortion vs. Input Frequency, 
f CLK = 18 MSPS: Full Power 



FREQUENCY -MHz 

Figure 7. Typical FFT Plot of AD773, f CLK = 18 MSPS, 
f, N = 8.5 MHz at 1 V p-p 
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Dynamic Characteristics— AD773 



FREQUENCY - Hz FREQUENCY - Hz 


Figure 8. S/N+D vs. Input Frequency, f CLK = 16.2 MSPS Figure 11. Harmonic Distortion vs. Input Frequency, 

f CLK = 16 .2 MSPS: Small Signal 



Figure 9. CMR vs. Input Frequency, f CLK = 16.2 MSPS Figure 12. Typical FFT Plot of AD773, f CLK = 16.2 MHz, 

f IN = 1 MHz at 1 V p-p 



FREQUENCY - Hz 



Figure 10. Harmonic Distortion vs. Input Frequency, Figure 13. Typical FFT Plot of AD773, f CLK = 16.2 MHz, 

f CLK = 16.2 MSPS: Full Power f IN = 8.05 MHz at 1 V p-p 
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Theory of Operation 

The AD773 uses a pipelined multistage architecture with a 
differential input, fast settling track-and-hold amplifier (THA). 
Traditionally, high speed ADCs have used parallel, or flash 
architectures. When compared to flash converters, multistage 
architectures reduce the power dissipation and die size by reduc- 
ing the number of comparators. For example, the AD773 uses 
48 comparators compared to 1023 comparators for a 10-bit flash 
architecture. 

The AD773’s main signal path transmits differential current 
mode signals. Low impedance current summing techniques are 
employed, increasing speed by reducing sensitivity to parasitic 
capacitances. Pipelining allows the stages to operate concurrently 
and maximizes system throughput. 

The input THA is followed by three 4-bit conversion stages. At 
any given time, the first stage operates on the most recent sam- 
ple, while the second stage operates on a signal dependent on 
the previous sample. This process continues throughout all three 
stages. The twelve digital bits provided by the three 4- bit stages 
are combined in the correction logic to produce a 10-bit repre- 
sentation of the sampled analog input. 

Pipeline delay, or latency, is four clock cycles. New output data 
is provided every clock cycle and is provided in both binary and 
twos complement format. The AD773 will flag an out-of-range 
condition when the analog input exceeds the specified analog 
input range. 

Applying the AD773 

DRIVING THE AD773 INPUT 

The AD773 may be driven in a single-ended or differential fash- 
ion. V INA is the positive input, and V INB is the negative input. 
In the signle-ended configuration either V INA or V INB is con " 
nected to Analog Ground (AGND) while the other input is 
driven with a full-scale input of ±500 mV p-p. An inverted 
mode of operation can be achieved by simply interchanging the 
input connections. 

Both inputs of the AD773, V INA and V INB , are high impedance 
and do not need to be driven by a low impedance source. Note, 
however, that as the source impedance increases, the input node 
becomes more susceptible to noise. The increased noise at the 
input will degrade performance. A 10 pF capacitor across V INA 
and V INB as shown in Figure 14 is recommended to bypass high 
frequency noise. 



INPUT CONDITIONING 

In some cases, it may be appropriate to buffer the input source, 
add dc offset, or otherwise condition the input signal of the 
AD773. Choosing an appropriate op amp will vary with system 
requirements and the desired level of performance. Some sug- 
gested op amps are the AD9617, AD842, and AD827. 

Figure 15 shows a typical application where a unipolar signal is 
level shifted to the bipolar input range of the AD773. Note that 
the reference used with the AD773 can also provide a noise-free 
voltage source to generate the dc offset. 

2.49kQ 499£2 



Figure 15. Unipolar to Bipolar Input Connection 

DIFFERENTIAL INPUT CONNECTIONS 

Operating the AD773 with fully differential inputs offers the 
advantage of rejecting common-mode signals present on both 
Vina and V INB . The full-scale input range of V INA and V INB 
when driven differentially is ±250 mV p-p as shown in Table I. 

Table I. AD773’s Maximum Differential Input Voltage 


Vina 

Vine 

V INA^V INB 

+250 mV 

-250 mV 

+500 mV 

-250 mV 

+250 mV 

-500 mV 


In some applications it may be desirable to convert a single- 
ended signal to a differential signal before being applied to the 
AD773. Figure 16 shows a single-ended to differential video line 
driver capable of driving doubly terminated cables. 


5100 



Figure 16. Single-Ended to Differential Connection 


Figure 14. AD773 Single-Ended Input Connection 
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REFERENCE INPUT 

The AD773’s high impedance reference input allows direct con- 
nection with standard voltage references. Unlike the resistor lad- 
der requirements of a flash converter the AD773’s single pin, 
high impedance input can be driven from one low cost, low 
power reference. The high impedance input allows multiple 
AD773’s to be driven from one reference thus minimizing drift 
errors. 

Figure 17 shows the AD773 connected to the AD680. The 
AD680 is a single supply, low power, low cost 2.5 V reference 
with performance specifications ideally suited for the AD773. 
The low pass filter minimizes the AD680’s wideband noise. 
Other recommended 2.5 V references are the AD580 and 
REF43. 



Figure 17. Recommended AD773 to AD680 Connection 

CLOCK INPUT 

The AD773’s pipelined architecture operates on both the rising 
and falling edges of the clock input. A low jitter, symmetrical 
clock will provide the highest level of performance. The recom- 
mended logic families to drive the clock input are HC and F. 
The AD773’s minimum clock half cycle may necessitate the 
use of an external divide-by-two circuit as shown in Figure 18. 
Power dissipation will vary with input clock frequency. Fig- 
ure 19 shows the AD773’s power dissipation vs. input clock 
frequency. 


36MHz O— -f> 



Figure 18. Divide-by-Two Clock Circuit 



10M 15M 20M 

SAMPLE FREQUENCY - Hz 

Figure 19. Power Dissipation vs. Sample Frequency 

EQUIVALENT ANALOG INPUT CIRCUIT 

The AD773 equivalent analog input circuit is shown in Fig- 
ure 20. The typical input bias current is 5 |jlA, while input ca- 
pacitance is typically 5 pF. In the single-ended input configura- 
tion one input is connected to AGND while the second input is 
driven to full scale (±500 mV). Under nominal conditions the 
collector of the input transistor is at +1.15 V. This allows sig- 
nals to be offset by up to +0.65 V without significantly degrad- 
ing performance. In the negative direction, the emitter of the 
input transistor should not drop below -1.25 V. Therefore, sig- 
nals can be offset by -0.65 V without significant performance 
degradation. Figure 21 shows signal-to-noise ratio vs. common- 
mode input voltage. 



Figure 20. Equivalent Analog Input Circuit 



-1.2-1.0 -0.8 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 0.8 1.0 
COMMON MODE INPUT VOLTAGE - V 

Figure 21. S/N+D vs. Common-Mode Input Voltage , 
f CL K = ™ MSPS 
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EQUIVALENT REFERENCE INPUT CIRCUIT 

The AD773 is designed to have a reference to analog input volt- 
age ratio of 2.5:1. When the AD773 is configured for single- 
ended operation a 2.5 volt reference input establishes a full-scale 
analog input voltage of 1 V p-p (±500 mV with respect to 
V INB ). Although the AD773 is specified and tested with V REF 
equal to 2.5 V and V IN equal to ±500 mV the reference input 
voltage and analog input voltages can be changed. To optimize 
the AD773’s performance the 2.5:1 ratio should be maintained. 
The simplified model of the AD773’s reference input circuit is 
shown in Figure 22. 



Figure 22. Typical Reference Input Circuit 


The 2.5 V external reference is applied across resistor R1 pro- 
ducing a current which in turn generates a voltage V BIAS . Multi- 
ple reference currents are generated from V BIAS and are used 
throughout the converter. R3 is used to cancel errors induced by 
the input bias current of the REFGND buffer. Figure 23 shows 
the SNR performance as the reference voltage is varied from its 
nominal value of 2.5 V. The input full-scale voltage is defined 
by the following equation, 


Input Full-Scale Voltage 


Reference Voltage 
2S 


The power dissipation is modulated by variations in the refer- 
ence voltage. Figure 24 shows the variation in power dissipation 
versus reference voltage. 



1.0 1.4 1.8 2.2 2.6 3.0 3.4 3.8 

REFERENCE VOLTAGE - V 



2.0 2.2 2.4 2.6 2.8 3.0 

REFIN -V 

Figure 24. Power Dissipation vs. Reference Input Voltage 
TRANSIENT RESPONSE 

The fast settling input THA accurately converts full-scale input 
voltage swings in under one clock cycle. The THA’s high im- 
pedance, fast slewing performance is critical in multiplexed or 
dc stepped (charge coupled devices, infrared detectors) systems. 
Figure 25 show the AD773’s settling performance with an input 
signal stepped from -500 mV to 0V. As can be seen, the output 
code settles to its final value in under one clock cycle. 



20 30 40 50 60 70 80 

TIME - ns 

Figure 25. Typical AD773 Settling Time 


Figure 23. S/N+D vs. Reference Input Voltage, 
f CLK = 18 MSPS, f IN = 1 MHz 
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OUTPUT DATA FORMAT 

The AD773 provides both MSB and MSB outputs, delivering 
positive true offset binary and twos complement output data. 
Table II shows the AD773’s output data format. 


Table II. Output Data Format 


Analog Input 

Digital Output 


Offset 

Twos 


Vina”Vi NB 

Binary 

Complement 

OTR 

>499.5 mV 

ii mi mi 

oi mi nil 

1 

499 mV 

n nil nil 

oi nil nil 

0 

0 mV 

10 0000 0000 

00 0000 0000 

0 

-500 mV 

00 0000 0000 

10 0000 0000 

0 

<-500.5 mV 

00 0000 0000 

10 0000 0000 

1 


OUT OF RANGE 

An out-of-range condition exists when the analog input voltage 
is beyond the input range (±500 mV) of the converter. [Note 
the AD773 has a 4 clock cycle latency rating.] OTR (Pin 20) is 
set low when the analog input voltage is within the analog input 
range. OTR is set HIGH and will remain HIGH when the ana- 
log input voltage exceeds the input range by 1/2 LSB from the 
center of the ± full-scale output codes. OTR will remain HIGH 
until the analog input is within the input range. By logical 
ANDing OTR with the MSB and its complement, overrange 
high or underrange low conditions can be detected. Table III is 
a truth table for the over/under range circuit in Figure 26. Sys- 
tems requiring programmable gain conditioning prior to the 
AD773 can immediately detect an out of range condition, thus 
eliminating gain selection iterations. 



Figure 26. Overrange or Underrange Logic 


Table III. Out-of-Range Truth Table 


OTR 

MSB 

ANALOG INPUT IS 

0 

0 

In Range 

0 

1 

In Range 

1 

0 

Underrange 

1 

1 

Overrange 


GROUNDING AND LAYOUT RULES 

As is the case for any high performance device, proper ground- 
ing and layout techniques are essential in achieving optimal per- 
formance. The analog and digital grounds on the AD773 have 
been separated to optimize the management of return currents 
in a system. It is recommended that a 4-layer printed circuit 
board (PCB) which employs ground planes and power planes be 
used with the AD773. The use of ground and power planes of- 
fers distinct advantages: 

1. The minimization of the loop area encompassed by a signal 
and its return path. 

2. The minimization of the impedance associated with ground 
and power paths. 

3. The inherent distributed capacitor formed by the power 
plane, PCB insulation, and ground plane. 

These characteristics result in both a reduction of electro- 
magnetic interference (EMI) and an overall improvement in 
performance. 

It is important to design a layout which prevents noise from 
coupling onto the input signal. The wide input bandwidth of the 
AD773 permits noise outside the desired Nyquist bandwidth to 
be digitized along with the desired signal. This can result in a 
higher overall level of spurious noise in the digitized spectrum. 
Digital signals should not be run in parallel with the input sig- 
nal traces and should be routed away from the input circuitry. It 
is also suggested that the traces associated with Vina and Vinb 
be the same length. 

Separate analog and digital ground should be joined together 
directly under the AD773 (see Figure 30). A solid ground plane 
under the AD773 is also acceptable if care is taken in the man- 
agement of the power and ground return currents. A general 
“rule-of-thumb” for mixed signal layouts dictate that the return 
currents from digital circuitry should not pass through critical 
analog circuitry. 

POWER SUPPLY DECOUPLING 

The analog and digitals supplies of the AD773 have been sepa- 
rated to prevent the typically large transients associated with 
digital circuitry from coupling into the analog supplies (AV DD , 
AV SS ). Each power supply pin should be decoupled with a 0.1 
jiF capacitor located as close to the pin as possible. Additional 
0. 1 |jlF capacitors in parallel with the DRV DE) and DDV dd 
bypass capacitors are required to adequately suppress high 
frequency noise. For optimal performance, surface-mount 
capacitors are recommended. The inductance associated with 
the leads of through-hole ceramic capacitors typically render 
them ineffective at higher frequencies. A complete system will 
also incorporate tantalum capacitors in the 10-100 p,F range to 
decouple low frequency noise and ferrite beads to limit high 
frequency noise. 

The digital supplies have additionally been separated into 
DRV dd and DV dd . The DRV dd pins provide power for the 
digital output drivers of the AD773 and are likely to contain 
high energy transients. Pin 22 should be decoupled directly to 
Pin 21 (DRGND) and Pin 7 should be decoupled directly to 
Pin 8 (DRGND) to minimize the length of the return path for 
these transients. A single +5 V supply is all that is required for 
DRV dd and DV dd , but decoupling DV dd with an RC filter 
network is suggested (see Figure 27). 
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Figure 27. AD773 Evaluation Board Schematic 


Table IV. Components List 


Reference Designator 

Description 

Quantity 

R2, R4 

Resistor, 1%, 49.9 D 

2 

R5, R6, R11-R22 

Resistor, 5%, 22 0 

14 

R7, R8 

Resistor, 5%, 39 fl 

2 

R9 

Resistor, 5%, 75 Q 

1 

RIO 

Resistor, 5%, 560 0 

1 

Cl, C3-C8, Cll, C14, C17-C21 

Chip Cap, 0. 1 p,F 

14 

C2 

Capacitor, Tantalum, 10 |xF 

1 

C9, C12, C15 

Chip Cap, 0.01 pF 

3 

CIO, C13, C16 

Capacitor, Tantalum, 22 p.F 

3 

U1 

AD773 

1 

U2 

ADV7122 

1 

U3 

AD680 

1 

U4 

AD589 

1 

U5 

74AS04 

1 

FB1-FB3 

Ferrite Bead 

3 


4-14 VIDEO A/D CONVERTERS 


REV. 0 






Figure 29. Solder Side PCB Layout 
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Figure 30. Ground Layer PCB Layout 
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Figure 32. Silkscreen Layer PCB Layout 
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ANALOG 

DEVICES 



10-Bit 60 MSPS 
A/D Converter 


AD9020 


FEATURES 

Monolithic 10-Bit/60 MSPS Converter 
TTL Outputs 

Bipolar (±1.75 V) Analog Input 
56 dB SNR @ 2.3 MHz Input 
Low (45 pF) Input Capacitance 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 

Digital Oscilloscopes 

Medical Imaging 

Professional Video 

Radar Warning/Guidance Systems 

Infrared Systems 

GENERAL DESCRIPTION 

The AD9020 A/D converter is a 10-bit monolithic converter ca- 
pable of word rates of 60 MSPS and above. Innovative architec- 
ture using 512 input comparators instead of the traditional 1024 
required by other flash converters reduces input capacitance and 
improves linearity. 

Encode and outputs are TTL-compatible, making the AD9020 an 
ideal candidate for use in low power systems. An overflow bit is 
provided to indicate analog input signals greater than +V SENSE . 

Voltage sense lines are provided to insure accurate driving of the 
± V REE voltages applied to the units. Quarter-point taps on the 
resistor ladder help optimize the integral linearity of the unit. 

Either 68-pin ceramic leaded (gull wing) packages or ceramic 
LCCs are available and are specifically designed for low thermal 
impedances. Two performance grades for temperatures of both 0 
to +70°C and -55°C to +125°C ranges are offered to allow the 
user to select the linearity best suited for each application. Dy- 
namic performance is fully characterized and production tested 
at +25°C. MIL-STD-883 units are available. 

The AD9020 A/D Converter is available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military Prod- 
ucts Databook or current AD9020/883B data sheet for detailed 
specifications. 


FUNCTIONAL BLOCK DIAGRAM 

MSB LSBS 
INVERT INVERT 
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AD9020 -SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 1 

+V S +6 V 

-V s -6 V 

ANALOG IN -2 V to +2 V 

+V REF , V REFj 3/4 ref , 1/2 ref , 1/4 ref —2 V to +2 V 

+V REF to — V REF 4.0 V 

DIGITAL INPUTS . . -0.5 V to +V S 


3/4 REF j 1/2 ref , 1/4 ref Current . . . . . * • —10 mA 

Digital Output Current 20 mA 

Operating Temperature 

AD9020JE/KE/JZ/KZ 0 to +70°C 

Storage Temperature -65°C to + 150°C 

Maximum Junction Temperature 2 + 175°C 

Lead Soldering Temp (10 sec) . +300°C 


ELECTRICAL CHARACTERISTICS (±V S = ±5 V; ±V SENSE = ±1.75 V; ENCODE = 40 MSPS unless otherwise noted) 3 


Parameter (Conditions) 

Temp 

Test 

Level 

Min 

AD9020JE/JZ 

Typ 

Max 

Min 

AD9020KE/KZ 

Typ Max 

Units 

RESOLUTION 



io ! 

10 

Bits 

DC ACCURACY 3 










Differential Nonlinearity 

+25°C 

I 


1.0 

1.25 


0.75 

1.0 

LSB 


Full 

VI 



1.5 



1.25 

LSB 

Integral Nonlinearity 

+25°C 

I 


1.25 

2.0 


1.0 

1.5 

LSB 


Full 

VI 



2.5 



2.0 

LSB 

No Missing Codes 

Full 

VI 





Guaranteed 



ANALOG INPUT 










Input Bias Current 4 

+25°C 

I 


0.4 

1.0 


0.4 

1.0 

mA 


Full 

VI 



2.0 



2.0 

mA 

Input Resistance 

+ 25°C 

I 

2.0 

7.0 


2.0 

7.0 


kD 

Input Capacitance 4 

+25°C 

V 


45 



45 


pF 

Analog Bandwidth 

+25°C 

V 


175 



175 


MHz 

REFERENCE INPUT 










Reference Ladder Resistance 

+25°C 

I 

22 

37 

56 

22 

37 

56 

a 


Full 

VI 

14 


66 

14 


66 

a 

Ladder Tempco 

Full 

V 


0.1 



0.1 


arc 

Reference Ladder Offset 










Top of Ladder 

+25°C 

I 


45 

90 


45 

90 

mV 


Full 

VI 



90 



90 

mV 

Bottom of Ladder 

+25°C 

I 


45 

90 


45 

90 

mV 


Full 

VI 



90 



90 

mV 

Offset Drift Coefficient 

Full 

V 


50 



50 


|xV/°C 

SWITCHING PERFORMANCE 










Conversion Rate 

+25°C 

I 

60 



60 



MSPS 

Aperture Delay (t A ) 

+25°C 

V 


1 



1 


ns 

Aperture Uncertainty (Jitter) 

+25°C 

V 


5 



5 


ps, rms 

Output Delay (too) 5 

+25°C 

I 

6 

10 

13 

6 

10 

13 

ns 

Output Time Skew 5 

+25°C 

I 


3 

5 


3 

5 

ns 

DYNAMIC PERFORMANCE 








, 


Transient Response 

+25°C 

V 


10 



10 


ns 

Overvoltage Recovery Time 

+ 25°C 

V 


10 



10 


ns 

Effective Number of Bits (ENOB) 










f IN = 2.3 MHz 

+25°C 

I 

8.6 

9.0 


8.6 

9.0 


Bits 

f IN = 10.3 MHz 

+25°C 

IV 

8.0 

8.4 


8.0 

8.4 


Bits 

f IN = 15.3 MHz 

+ 25°C 

IV 

7.5 

8.0 


7.5 

8.0 


Bits 

Signal-to-Noise Ratio 6 










f IN = 2.3 MHz 

+25°C 

I 

54 

56 


54 

56 


dB 

f IN = 10.3 MHz 

+25°C 

I 

50 

53 


50 

53 


dB 

f IN = 15.3 MHz 

+25°C 

I 

47 

50 


47 

50 


dB 

Signal-to-Noise Ratio 6 










(Without Harmonics) 










f IN = 2.3 MHz 

+25°C 

I 

54 

56 


54 

56 


dB 

f IN = 10.3 MHz 

+25°C 

I 

51 

54 


51 

54 


dB 

f IN = 15.3 MHz 

+25°C 

I 

48 

52 


48 

52 


dB 
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Parameter (Conditions) 

Temp 

Test 

Level 

AD9020JE/JZ 

Min Typ Max 

AD9020KE/KZ 

Min Typ Max 

Units 

DYNAMIC PERFORMANCE 






(CONTINUED) 






Harmonic Distortion 






f IN = 2.3 MHz 

+25°C 

I 

61 67 

61 67 

dBc 

f IN = 10.3 MHz 

+ 25°C 

I 

55 59 

55 59 

dBc 

f IN = 15.3 MHz 

+25°C 

I 

49 53 

49 53 

dBc 

Two-Tone Intermodulation 






Distortion Rejection 7 

+25°C 

V 

70 

70 

dBc 

Differential Phase 

+25°C 

V 

0.5 

0.5 

Degree 

Differential Gain 

+25°C 

V 

1 

1 

% 

ENCODE INPUT 






Logic “1” Voltage 

Full 

VI 

2.0 

2.0 

V 

Logic “0” Voltage 

Full 

VI 

0.8 

0.8 

V 

Logic “1” Current 

Full 

VI 

20 

20 

|xA 

Logic “0” Current 

Full 

VI 

800 

800 

pA 

Input Capacitance 

+25°C 

V 

5 

5 

pF 

Pulse Width (High) 

+25°C 

I 

6 

6 

ns 

Pulse Width (Low) 

+25°C 

I 

6 

6 

ns 

DIGITAL OUTPUTS 






Logic “1” Voltage (I Q h = 2 mA) 

Full 

VI 

2.4 

2.4 

V 

Logic “0” Voltage (I OL = 10 mA) 

Full 

VI 

0.4 


V 

POWER SUPPLY 






+V S Supply Current 

+25°C 

I 

440 530 

440 530 

mA 


Full 

VI 

542 

542 

mA 

— V s Supply Current 

+25°C 

I 

140 170 

140 170 

mA 


Full 

VI 

177 

177 

mA 

Power Dissipation 

+25°C 

I 

2.8 3.3 

2.8 3.3 

W 


Full 

VI 

3.4 

3.4 

W 

Power Supply Rejection 






Ratio (PSRR) 8 

Full 

VI 

6 10 

6 10 

m V/V 


NOTES 

'Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

2 Typical thermal impedances (part soldered onto board): 68-pin leaded ceramic chip carrier: 0 JC = 1°C/W; 0 JA = 17°C/W (no air flow); 0 JA = 15°C/W 
(air flow = 500 LFM). 68-pin ceramic LCC: 0 JC = 2.6°C/W; 0 JA = 15°C/W (no air flow); 0 JA = 13°C/W (air flow = 500 LFM). 

3 3/4 ref , 1/2 ref , and 1/4 REF reference ladder taps are driven from dc sources at +0.875 V, 0 V, and -0.875 V, respectively. Accuracy of the overflow compara- 
tor is not tested and not included in linearity specifications. 

4 Measured with ANALOG IN = +V SENSE . 

5 Output delay measured as worst-case time from 50% point of the rising edge of ENCODE to 50% point of the slowest rising or falling edge of D 0 -D 9 . Output 
skew measured as worst-case difference in output delay among D 0 -D 9 . 

6 RMS signal to rms noise with analog input signal 1 dB below full scale at specified frequency. 

7 Intermodulation measured with analog input frequencies of 2.3 MHz and 3.0 MHz at 7 dB below full scale. 

8 Measured as the ratio of the worst-case change in transition voltage of a single comparator for a 5% change in +V S or -V s . 

Specifications subject to change without notice. 
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EXPLANATION OF TEST LEVELS 
Test Level 

I - 100% production tested. 

II - 100% production tested at +25°C, and sample tested at 

specified temperatures. 

III - Sample tested only. 

IV - Parameter is guaranteed by design and characterization 

testing. 

V - Parameter is a typical value only. 

VI - All devices are 100% production tested at +25°C. 100% 

production tested at temperature extremes for extended 
temperature devices; sample tested at temperature ex- 
tremes for commercial/industrial devices. 


ORDERING GUIDE 


Device 

Temperature 

Range 

Description 

Package 

Option* 

AD9020JZ 

0 to +70°C 

68-Pin Leaded Ceramic 

Z-68 

AD9020JE 

0 to +70°C 

68-Pin Ceramic LCC 

E-68A 

AD9020KZ 

0 to +70°C 

68-Pin Leaded Ceramic 

Z-68 

AD9020KE 

0 to +70°C 

68-Pin Ceramic LCC 

E-68A 

AD9020SZ/883 

-55°C to +125°C 

68-Pin Leaded Ceramic 

Z-68 

AD9020SE/883 

-55°C to +125°C 

68-Pin Ceramic LCC 

E-68A 

AD9020TZ/883 

-55°C to +125°C 

68-Pin Leaded Ceramic 

Z-68 

AD9020TE/883 

-55°C to + 125°C 

68-Pin Ceramic LCC 

E-68A 

AD9020/PCB 

0 to +70°C 

Evaluation Board 



*E = Ceramic Leadless Chip Carrier; Z = Ceramic Leaded Chip Carrier. 
For outline information see Package Information section. 


DIE LAYOUT AND MECHANICAL INFORMATION 


Die Dimensions 206 x 140 x 15 (±2) mils 

Pad Dimensions 4x4 mils 


Metalization . . . . 

Backing 

Substrate Potential 
Passivation .... 


Gold 

None 


Nitride 



+5.0V 



AD9020 Burn-In Circuit 
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ZZ5>“Z2 *£>2? 
<<<*>+ 00+1 


O O K CD 

™ >’Z Z O W 

^+00+1 rz: 



NC 

LSBs INVERT 
NC 

“VsENSE 



GND 

+ V S 

OVERFLOW 
D 9 (MSB) 

d 8 

d 7 

d 6 

d 5 

+ V S 

NC 


AD9020 Pin Designations 


AD9020 PIN DESCRIPTIONS 


Pin No. 

Name 

Function 

1 

1/2 REF 

Midpoint of internal reference ladder. 

2, 16, 28, 29, 35, 

41, 42, 54, 64 

-V s 

Negative supply voltage; nominally -5.0 V ±5%. 

3, 6, 15, 18, 25, 30, 

33, 34, 37, 40, 45, 

52, 55, 65, 68 

+v s 

Positive supply voltage; nominally +5 V ±5%. 

4, 5, 13, 17, 27, 31, 32 

36, 38, 39, 43, 53, 66, 67 

GROUND 

All ground pins should be connected together and to low- 
impedance ground plane. 

7 

V4 ref 

Three-quarter point of internal reference ladder. 

8,9 

ANALOG IN 

Analog input; nominally between ±1.75 V. 

11 

+ V SENSE 

Voltage sense line to most positive point on internal resistor 
ladder. Normally +1.75 V. 

12 

+v REF 

Voltage force connection for top of internal reference ladder. 
Normally driven to provide +1.75 V at +V SENSE . 

14 

ENCODE 

TTL-compatible convert command used to begin digitizing 
process. 

19-23, 46-50 

D 0 — D 9 

TTL-compatible digital output data. 

51 

OVERFLOW 

TTL-compatible output indicating ANALOG IN > 

+v SENSE . 

56 

— V REF 

Voltage force connection for bottom of internal reference 
ladder. Normally driven to provide -1.75 V at -V SENSE . 

57 

— V SENSE 

Voltage sense line to most negative point on internal resistor 
ladder. Normally -1.75 V. 

59 

LSBs INVERT 

Normally grounded. When connected to +V S , lower order 
bits (D 0 -D 8 ) are inverted. 

61 

MSB INVERT 

Normally grounded. When connected to +V S , most 
significant bit (MSB; D 9 ) is inverted. 

63 

1/4ref 

One-quarter point of internal reference ladder. 
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THEORY OF OPERATION 

Refer to the AD9020 block diagram. As shown, the AD9020 
uses a modified “flash”, or parallel, A/D architecture. The ana- 
log input range is determined by an external voltage reference 
(+V REF and -V REF ), nominally ±1.75 V. An internal resistor 
ladder divides this reference into 512 steps, each representing 
two quantization levels. Taps along the resistor ladder (1/4 REF , 
1/2 ref and 3/4 REF ) are provided to optimize linearity. Rated 
performance is achieved by driving these points at 1/4, 1/2 and 
3/4, respectively, of the voltage reference range. 

The A/D conversion for the nine most significant bits (MSBs) is 
performed by 512 comparators. The value of the least significant 
bit (LSB) is determined by a unique interpolation scheme 
between adjacent comparators. The decoding logic processes the 
comparator outputs and provides a 10-bit code to the output 
stage of the converter. 

Flash architecture has an advantage over other A/D architectures 
because conversion occurs in one step. This means the perfor- 
mance of the converter is limited primarily by the speed and 
matching of the individual comparators. In the AD9020, an 
innovative interpolation scheme takes advantage of flash archi- 
tecture but minimizes the input capacitance, power and device 
count usually associated with that method of conversion. 

These advantages occur because of using only half the normal 
number of input comparator cells to accomplish the conversion. 
In addition, a proprietary decoding scheme minimizes error 
codes. Input control pins allow the user to select from among 
Binary, Inverted Binary, Twos Complement and Inverted Twos 
Complement coding (See AD9020 Truth Table). 


APPLICATIONS 

Many of the specifications used to describe analog/digital con- 
verters have evolved from system performance requirements in 
these applications. Different systems emphasize particular speci- 
fications, depending on how the part is used. The following 
applications highlight some of the specifications and features 
that make the AD9020 attractive in these systems. 

Wideband Receivers 

Radar and communication receivers (baseband and direct IF 
digitization), ultrasound medical imaging, signal intelligence and 
spectral analysis all place stringent ac performance requirements 
on analog-to-digital converters (ADCs). Frequency domain char- 
acterization of the AD9020 provides signal-to-noise ratio (SNR) 
and harmonic distortion data to simplify selection of the ADC. 

Receiver sensitivity is limited by the Signal-to-Noise Ratio 
(SNR) of the system. The SNR for an ADC is measured in the 
frequency domain and calculated with a Fast Fourier Transform 
(FFT). The SNR equals the ratio of the fundamental compo- 
nent of the signal (rms amplitude) to the rms value of the 
“noise.” The noise is the sum of all other spectral components, 
including harmonic distortion, but excluding dc. 

Good receiver design minimizes the level of spurious signals in 
the system. Spurious signals developed in the ADC are the 
result of imperfections in the device transfer function (non- 
linearities, delay mismatch, varying input impedance, etc.). In 
the ADC, these spurious signals appear as Harmonic Distortion. 
Harmonic Distortion is also measured with an FFT and is speci- 
fied as the ratio of the fundamental component of the signal 
(rms amplitude) to the rms value of the worst case harmonic 
(usually the 2nd or 3rd). 

Two-Tone Intermodulation Distortion (IMD) is a frequently cited 
specification in receiver design. In narrow-band receivers, third- 
order IMD products result in spurious signals in the pass band 
of the receiver. Like mixers and amplifiers, the ADC is charac- 
terized with two, equal-amplitude, pure input frequencies. The 
IMD equals the ratio of the power of either of the two input 
signals to the power of the strongest third-order IMD signal. 
Unlike mixers and amplifiers, the IMD does not always behave 
as it does in linear devices (reduced input levels do not result in 
predictable reductions in IMD). 
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Performance graphs provide typical harmonic and SNR data for 
the AD9020 for increasing analog input frequencies. In choosing 
an A/D converter, always look at the dynamic range for the ana- 
log input frequency of interest. The AD9020 specifications pro- 
vide guaranteed minimum limits at three analog test frequencies. 

Aperture Delay is the delay between the rising edge of the 
ENCODE command and the instant at which the analog input 
is sampled. Many systems require simultaneous sampling of 
more than one analog input signal with multiple ADCs. In these 
situations, timing is critical and the absolute value of the aper- 
ture delay is not as critical as the matching between devices. 

Aperture Uncertainty , or jitter, is the sample-to-sample variation 
in aperture delay. This is especially important when sampling 
high slew rate signals in wide bandwidth systems. Aperture 
uncertainty is one of the factors which degrades dynamic perfor- 
mance as the analog input frequency is increased. 

Digitizing Oscilloscopes 

Oscilloscopes provide amplitude information about an observed 
waveform with respect to time. Digitizing oscilloscopes must 
accurately sample this signal, without distorting the information 
to be displayed. 

One figure of merit for the ADC in these applications is Effec- 
tive Number of Bits (ENOBs). ENOB is calculated with a sine 
wave curve fit and equals: 

ENOB = N - LOG 2 [Error (measured)/Error (ideal)] 

N is the resolution (number of bits) of the ADC. The measured 
error is the actual rms error calculated from the converter out- 
puts with a pure sine wave input. 

The Analog Bandwidth of the converter is the analog input fre- 
quency at which the spectral power of the fundamental signal is 
reduced 3 dB from its low frequency value. The analog band- 
width is a good indicator of a converter’s slewing capabilities. 

The Maximum Conversion Rate is defined as the encode rate at 
which the SNR for the lowest analog signal test frequency tested 
drops by no more than 3 dB below the guaranteed limit. 



Imaging Application Using AD9020 

The actual resolution of the converter is limited by the thermal 
and quantization noise of the ADC. The low frequency test for 
SNR or ENOB is a good measure of the noise of the AD9020. 
At this frequency, the static errors in the ADC determine the 
useful dynamic range of the ADC. 

Although the signal being sampled does not have a significant 
slew rate, this does not imply dynamic performance is not 
important. The Transient Response and Overvoltage Recovery 
Time specifications insure that the ADC can track full-scale 
changes in the analog input sufficiently fast to capture a valid 
sample. 

Transient Response is the time required for the AD9020 to 
achieve full accuracy when a step function is applied. Overvolt- 
age Recovery Time is the time required for the AD9020 to 
recover to full accuracy after an analog input signal 150% of full 
scale is reduced to the full-scale range of the converter. 

Professional Video 

Digital Signal Processing (DSP) is now common in television 
production. Modern studios rely on digitized video to create 
state-of-the-art special effects. Video instrumentation also 
requires high resolution ADCs for studio quality measurement 
and frame storage. 

The AD9020 provides sufficient resolution for these demanding 
applications. Conversion speed, dynamic performance and ana- 
log bandwidth are suitable for digitizing both composite and 
RGB video sources. 


Imaging 

Visible and infrared imaging systems both require similar char- 
acteristics from ADCs. The signal input (from a CCD camera, 
or multiplexer) is a time division multiplexed signal consisting of 
a series of pulses whose amplitude varies in direct proportion to 
the intensity of the radiation detected at the sensor. These vary- 
ing levels are then digitized by applying encode commands at 
the correct times, as shown below. 
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AD9020 

USING THE AD9020 
Voltage References 

The AD9020 requires that the user provide two voltage refer- 
ences: +V REF and Vref* These two voltages are applied 
across an internal resistor ladder (nominally 37 ft) and set the 
analog input voltage range of the converter. The voltage refer- 
ences should be driven from a stable, low impedance source. In 
addition to these two references, three evenly spaced taps on the 
resistor ladder (1/4 REF , 1/2 REF , 3/4 REF ) are available. Providing 
a reference to these quarter points on the resistor ladder will 
improve the integral linearity of the converter and improve ac 
performance. (AC and dc specifications are tested while driving 
the quarter points at the indicated levels.) The figure below is 
not intended to show the transfer function of the ADC, but 
illustrates how the linearity of the device is affected by reference 
voltages applied to the ladder. 

1111111111 


1100000000 

ID 

a 

o 

o 

£ 1000000000 
Q. 

3 

o 

0100000000 


0000000000 

” V SENSE 1/4 REF 1/2 REF 3/4 REF +V SENSE 

V,n 

Effect of Reference Taps on Linearity 

Resistance between the reference connections and the taps of the 
first and last comparators causes offset errors. These errors, 
called “top and bottom of the ladder offsets,” can be nulled by 
using the voltage sense lines, +V SENSE and -V SENSE , to adjust 
the reference voltages. Current through the sense lines should be 
limited to less than 100 jxA. Excessive current drawn through 
the voltage sense lines will affect the accuracy of the sense line 
voltage. 

The next page shows a reference circuit which nulls out the off- 
set errors using two op amps and provides appropriate voltage 
references to the quarter-point taps. Feedback from the sense 
lines causes the op amps to compensate for the offset errors. 

The two transistors limit the amount of current drawn directly 
from the op amps; resistors at the base connections stabilize 
their operation. The 10 kft resistors (R1-R4) between the volt- 
age sense lines form an external resistor ladder; the quarter 
point voltages are taken off this external ladder and buffered by 
an op amp. The actual values of resistors R1-R4 are not critical, 
but they should match well and be large enough (>10 kft) to 
limit the amount of current drawn from the voltage sense lines. 



The select resistors (R s ) shown in the schematic (each pair can 
be a potentiometer) are chosen to adjust the quarter-point volt- 
age references, but are not necessary if R1-R4 match within 
0.05%. 

An alternative approach for defining the quarter-point references 
of the resistor ladder is to evaluate the integral linearity error of 
an individual device, and adjust the voltage at the quarter-points 
to minimize this error. This may improve the low frequency ac 
performance of the converter. 

Performance of the AD9020 has been optimized with an analog 
input voltage of ±1.75 V (as measured at ±V SENSE ). If the ana- 
log input range is reduced below these values, relatively larger 
differential nonlinearity errors may result because of comparator 
mismatches. As shown in the figure below, performance of the 
converter is a function of ±V SENSE . 



m 

u. 

o 


AD9020 SNR and ENOB vs. Reference Voltage 


Applying a voltage greater than 4 V across the internal resistor 
ladder will cause current densities to exceed rated values, and 
may cause permanent damage to the AD9020. The design of 
the reference circuit should limit the voltage available to the 
references. 

Analog Input Signal. 

The signal applied to ANALOG IN drives the inputs of 512 
parallel comparator cells (see Equivalent Analog Input figure). 
This connection typically has an input resistance of 7 kft, and 
input capacitance of 45 pF. The input capacitance is nearly con- 
stant over the analog input voltage range, as shown in the graph 
which illustrates that characteristic. 

The analog input signal should be driven from a low distortion, 
low noise amplifier. A good choice is the AD9617, a wide band- 
width, monolithic operational amplifier with excellent ac and dc 
performance. The input capacitance should be isolated by a 
small series resistor (24 ft for the AD9617) to improve the ac 
performance of the amplifier (see AD9020/PCB Evaluation 
Board Block Diagram). 
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AD9020 Timing Diagram 


Timing 

In the AD9020, the rising edge of the ENCODE signal triggers 
the A/D conversion by latching the comparators. (See the 
AD9020 Timing Diagram.) 

The ENCODE is TTL/CMOS compatible and should be driven 
from a low jitter (phase noise) source. Jitter on the ENCODE 
signal will raise the noise floor of the converter. Fast, clean 
edges will reduce the jitter in the signal and allow optimum ac 
performance. Locking the system clock to a crystal oscillator 
also helps reduce jitter. The AD9020 is designed to operate with 
a 50% duty cycle; small (10%) variations in duty cycle should 
not degrade performance. 

Data Format 

The format of the output data (D 0 - D 9 ) is controlled by the 
MSB INVERT and LSBs INVERT pins. These inputs are dc 
control inputs, and should be connected to GROUND or +V S . 
The AD9020 Truth Table gives information to choose from 
among Binary, Inverted Binary, Twos Complement and In- 
verted Twos Complement coding. 

The OVERFLOW output is an indication that the analog input 
signal has exceeded the voltage at +V SENSE . The accuracy of 
the overflow transition voltage and output delay are not tested 
or included in the data sheet limits. Performance of the overflow 
indicator is dependent on circuit layout and slew rate of the en- 
code signal. The operation of this function does not affect the 
other data bits (D 0 -D 9 ). It is not recommended for applications 
requiring a critical measure of the analog input voltage. 

Layout and Power Supplies 

Proper layout of high speed circuits is always critical but is 
particularly important when both analog and digital signals are 
involved. 


Analog signal paths should be kept as short as possible and be 
properly terminated to avoid reflections. The analog input volt- 
age and the voltage references should be kept away from digital 
signal paths; this reduces the amount of digital switching noise 
that is capacitively coupled into the analog section of the circuit. 
Digital signal paths should also be kept short, and run lengths 
should be matched to avoid propagation delay mismatch. 

In high speed circuits, layout of the ground circuit is a critical 
factor. A single, low impedance ground plane, on the compo- 
nent side of the board, will reduce noise on the circuit ground. 
Power supplies should be capacitively coupled to the ground 
plane to reduce noise in the circuit. Multilayer boards allow de- 
signers to lay out signal traces without interrupting the ground 
plane and provide low impedance power planes. 

It is especially important to maintain the continuity of the 
ground plane under and around the AD9020. In systems with 
dedicated digital and analog grounds, all grounds of the AD9020 
should be connected to the analog ground plane. 

The power supplies (+V S and -V s ) of the AD9020 should 
be isolated from the supplies used for external devices; this 
further reduces the amount of noise coupled into the A/D con- 
verter. Sockets limit the dynamic performance and should be 
used only for prototypes or evaluation— PCK Elastomerics 
Part # CCS-68-55 is recommended for the LCC package. 

(Tel. 215-672-0787) 

An evaluation board is available to aid designers and provide a 
suggested layout. 
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HARMONICS - dBc £ SK3NAL-TO-NOISE (SNR) - dB 


AD9020 



INPUT FREQUENCY - MHz 


1 

Ul 



CONVERSION RATE - MSPS 



AD9020 Harmonics vs. Input Frequency 


Input Capacitance/Resistance vs. Input Voltage 




Offset Binary 

Twos Complement 

Step 

Range 

True 

Inverted 

True 

Inverted 


0 = -1.75 V 

MSB INV = “0” 

MSB INV = “1” 

MSB INV = “1” 

MSB INV = “0” 


FS = +1.75 V 

LSBs INV = “0” 

LSBs INV = “1” 

LSBs INV = “0” 

LSBs INV = “1” 

1024 

> + 1.7500 

( 1)1111111111 

( 1)0000000000 

( 1)0111111111 

( 1)1000000000 

1023 

+ 1.7466 

1111111111 

0000000000 

0111111111 

1000000000 

1022 

+ 1.7432 

1111111110 

0000000001 

0111111110 

1000000001 

512 

+ 0.0034 

1000000000 

0111111111 

0000000000 

1111111111 

511 

0.000 

0111111111 

1000000000 

1111111111 

0000000000 

510 

- 0.0034 

0111111110 

1000000001 

1111111110 

0000000001 

02 

- 1.7432 

0000000010 

1111111101 

1000000010 

0111111101 

01 

- 1.7466 

0000000001 

1111111110 

1000000001 

0111111110 

00 

<- 1.7466 

0000000000 

1111111111 

1000000000 

0111111111 


The overflow bit is always 0 except where noted in parentheses ( ). MSB INVERT and LSBs INVERT are considered dc controls. 

AD9020 Truth Table 
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EFFECTIVE NUMBER OF BITS (ENOB) 





AD9020 


AD9020/PCB EVALUATION BOARD 

The AD9020/PCB Evaluation Board is available from the factory 
and is shown here in block diagram form. The board includes a 
reference circuit that allows the user to adjust both references 
and the quarter-point voltages. The AD9617 is included as the 
drive amplifier, and the user can configure the gain from - 1 to 
-15. 


On-board reconstruction of the digital data is provided through 
the AD9713, a 12-bit monolithic DAC. The analog and recon- 
structed waveforms can be summed on the board to allow the 
user to observe the linearity of the AD9020 and the effects of 
the quarter-point voltages. The digital data and an adjustable 
Data Ready signal are available through a 37-pin edge connector. 


DAC 

OUT 



AD9020/PCB Evaluation Board Block Diagram 


4-30 VIDEO A/D CONVERTERS 


REV. A 







1^ ANALOG 

Monolithic 8-Bit 

U DEVICES 

Video A/D Converter 

AD9048 


FEATURES 

35MSPS Encode Rate 

16pF Input Capacitance 

550mW Power Dissipation 

Industry-Standard Pinouts 

MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
Professional Video Systems 
Special Effects Generators 
Electro-Optics 
Digital Radio 

Electronic Warfare (ECM, ECCM, ESM) 


GENERAL DESCRIPTION 

The AD9048 is an 8-bit, 35MSPS flash converter, made on a 
high speed bipolar process, which is an alternate source for the 
TDC1048 unit but offers enhancements over its predecessor. 
Lower power dissipation makes the AD9048 attractive for a 
variety of system designs. 

Because of its wide bandwidth, it is an ideal choice for real-time 
conversion of video signals. Input bandwidth is flat with no 
missing codes. 

Clocked latching comparators, encoding logic and output buffer 
registers operating at minimum rates of 35MSPS preclude a 
need for a sample-and-hold (S/H) or track-and-hold (T/H) in 
most system designs using the AD9048. All digital control inputs 
and outputs are TTL compatible. 

Devices operating over two ambient temperature ranges and 
with two grades of linearity are available. Linearities of either 
0.5LSB or 0.75LSB can be ordered for a commercial range of 0 
to +70°C, or extended case temperatures of -55°C to + 125°C. 
Commercial versions are packaged in 28-pin DIPs; extended 
temperature versions are available in ceramic DIP and ceramic 
LCC packages. Both commercial units and MIL-STD-883 units 
are standard products. 

The AD9048 A/D converter is available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military Products 
Databook or current AD9048/883B data sheet for detailed 
specifications. 


FUNCTIONAL BLOCK DIAGRAM 
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AD9048- SPECIFICATIONS 


(typical with nominal supplies unless otherwise noted) 


ABSOLUTE MAXIMUM RATINGS 1 


Vcc to DGND -0.5V dc to +7.0Vdc 

AGND to DGND -0.5V dc to +0.5V dc 

V EE to AGND . +0.5V dc to -7.0V dc 

Vin> Vrt or Vrb to AGND + 0.5V to V EE 

V RT to Vrb ............. . -2.2V dc to + 2.2V dc 

CONV, NMINV or NLINV to DGND . -0.5V dc to + 5.5V dc 
Applied Output Voltage to DGND . -0.5V dc to +5.5V dc 2 


Applied Output Current, Externally Forced 

-1.0mA to + 6.0mA 3, 4 


Output Short-Circuit Duration . l.Osec 5 

Operating Temperature Range (Ambient) 

AD9048JN/KN/JJ/KJ/JQ/KQ 0to+70°C 

AD9048SE/SQ/TE/TQ - 55°C to + 125°C 

Maximum Junction Temperature (Plastic) ......+ 150°C 6 

Maximum Junction Temperature (Hermetic) + 175°C 6 

Lead Temperature (Soldering, lOsec) + 300°C 

Storage Temperature Range -65°C to + 150°C 


ELECTRICAL CHARACTERISTICS (V cc = H- 5.0V; V K = -5.2V; Differential Reference Voltage = 2.0V, unless otherwise noted) 


Parameter (Conditions) 

_ 

Temp 

Test 

Level 

AD9048JN/JJ/JQ 

AD9048KN/KJ/KQ 

AD9048SE/SQ 

AD9048TE/TQ 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

RESOLUTION 



□Z J 

* 

1 □ 

8 1 

Bits 

DC ACCURACY 
















Differential Nonlinearity 

+ 25°C 

I 


0.4 

0.75 


0.3 

0.5 


0.4 

0.75 


0.3 

0.5 

LSB 


Full 

VI 



1.0 



0.75 



1.0 



0.75 

LSB 

Integral Nonlinearity 

+ 25°C 

I 


0.6 

0.75 


0.4 

0.5 


0.6 

0.75 


0.4 

0.5 

LSB 


Full 

VI 

1 


1.0 



0.75 



1.0 



0.75 

LSB 

No Missing Codes 

Full 

VI 

GUARANTEED 

GUARANTEED 

GUARANTEED 

GUARANTEED | 


INITIAL OFFSET ERROR 
















Top of Reference Ladder 

+ 25°C 

I 


5 

12 


5 

12 


5 

12 


5 

12 

mV 


Full 

VI 



12 



12 



12 



12 

mV 

Bottom of Reference Ladder 

+ 25°C 

I 


4 

8 


4 

8 


4 

8 


4 

8 

mV 


Full 

VI 



8 



8 



8 



8 

mV 

Offset Drift Coefficient 

Full 

v 


20 



20 



20 



20 


p.V/°C 

ANALOG INPUT 
















Input Voltage Range 

Full 

v 


-2.1; 



-2.1; 



-2.1; 



-2.1; 







+ 0.1 i 


+ 0.1 

. 


+ 0.1 


+ 0.1 

V 

Input Bias Current 7, *’ 9 

+ 25°C 

I 


36 

60 


36 

60 


36 

60 


36 

60 

tiA 


Full 

VI 



100 



100 



100 



100 

p.A 

Input Resistance 

+ 25°C 

I 

200 

300 


200 

300 


200 

300 


200 

300 


kn 


Full 

VI 

40 



40 



40 



40 



kn 

Input Capacitance 

+ 25°C 

III 


16 

20 


16 

20 


16 

20 


16 

20 

pF 

Full Power Bandwidth 10 

+ 25°C 

III 

10 

15 


10 

15 


10 

15 


10 

15 


MHz 

REFERENCE INPUT 
















Positive Reference Voltage 1 1 

Full 

V 


0.0 



0.0 



0.0 



0.0 


V 

Negative Reference Voltage 1 1 

Full 

V 


-2.0 



-2.0 



-2.0 



-2.0 


V 

Differential Reference Voltage 

Full 

V 


2.0 



2.0 



2.0 



2.0 


V 

Reference Ladder Resistance 

Full 

VI 

50 

90 

125 

50 

90 

125 

50 

90 

125 

50 

90 

125 

a 

Ladder Temperature Coefficient 

Full 

V 


0.22 



0.22 



0.22 



0.22 


i arc 

Reference Ladder Current 12 

Full 

VI 


23 

40 


23 

40 


23 

40 


23 

40 

mA 

Reference Input Bandwidth 

+ 25°C 

V 


10 



10 



10 



10 


MHz 

DYNAMIC PERFORMANCE 13 
















Conversion Rate 12, 14 

+ 25°C 

I 

35 

38 


35 

38 


35 

38 


35 

38 


MHz 

Aperture Delay 

+ 25°C 

III 


2.4 

5 


2.4 

5 


2.4 

5 


2.4 

5 

ns 

Aperture Uncertainty (Jitter) 

+ 25°C 

III 


25 

50 


25 

50 


25 

50 


25 

50 

ps 

Output Delay (tpo) 8, 12 

+ 25°C 

I 


13 

15 


9 

15 


9 

15 


9 

15 

ns 

Output Hold Time (toH) 15 

+ 25°C 

I 

5 

8 


5 

8 


5 

8 


5 

8 


ns 

Transient Response 16 

+ 25°C 

I 


6 

20 


6 

20 


6 

20 


6 

20 

ns 

Overvoltage Recovery Time 17 

+ 25°C 

V 


8 



8 



8 



8 


ns 

Rise Time 

+ 25°C 

I 



9 



9 



9 



9 

ns 

Fall Time 

+ 25°C 

I 



14 



14 



14 



14 

ns 

Output Time Skew 18 

+ 25°C 

I 


4.5 

7 


4.5 

7 


4.5 

7 


4.5 

7 

ns 

NMINV and NLINV INPUTS 8 - 12 
















+ 0.4V Input Current 

Full 

VI 



200 



200 



200 



200 

pA 

+ 2.4V Input Current 

Full 

VI 



10 



10 



10 



10 

pA 

+ 5.5V Input Current 

Full 

VI 



10 



10 



10 



10 

pA 

CONVERT INPUT 
















Logic “1” Voltage 

Full 

VI 

2.0 



2.0 



2.0 



2.0 



V 

Logic “0” Voltage 

Full 

VI 



0.8 



0.8 



0.8 



0.8 

V 

Logic “1” Current (V,= + 2.4V) 8 - 12 

Full 

VI 



15 



15 



15 



15 

pA 

Logic “1” Current (V, = + 5.5V) 8 - 12 

Full 

VI 



15 



15 



15 



15 

pA 

Logic “0” Current 8, 12 

Full 

VI 



500 



500 



500 



500 

pA 

Input Capacitance 

+ 25°C 

III 


4 

6 


4 

6 


4 

6 


4 

6 

pF 

Convert Pulse Width (LOW) 

+ 25°C 

I 

18 



18 



18 



18 



ns 

Convert Pulse Width (HIGH) 

+ 25°C 

1 

10 



10 



10 



10 



ns 
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Parameter (Conditions) 

Temp 

Test 

Level 

AD9048JN/JJ/JQ 

AD9048KN/KJ/KQ 

AD9048SE/SQ 

AD9048TE/TQ 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

AC LINEARITY 








In-Band Harmonics 








dc to 2.438MHz 19 

+ 25°C 

I 

47 50 

49 55 

47 50 

49 55 

dBc 

dc to 9.35MHz 20 

+ 25°C 

V 

48 

48 

48 

48 

dBc 

Signal-to-Noise Ratio (SNR) 19 








1 .248MHz Input Frequency 21 

+ 25°C 

I 

43.5 44 

45 46 

43.5 44 

45 46 

dB 

2.438MHz Input Frequency 21 

+ 25°C 

I 

43 44 

44 46 

43 44 

44 46 

dB 

1 .248MHz Input Frequency 22 

+ 25°C 

I 

52.5 53 

54 55 

52.5 53 

54 55 

dB 

2.438MHz Input Frequency 22 

+ 25°C 

I 

52 53 

53 55 

52 53 

53 55 

dB 

Signal-to-Noise Ratio (SNR) 20 








1 .248 MHz Input Frequency 21 

+ 25°C 

I 

43.5 44 

45 46 

43.5 44 

45 46 

dB 

9.35MHz Input Frequency 21 

+ 25°C 

V 

40.5 

40.5 

40.5 

40.5 

dB 

Noise Power Ratio (NPR) 2J 

+ 25°C 

III 

36.5 39 

36.5 39 

36.5 39 

36.5 39 

dB 

Differential Phase 24 

+ 25°C 

III 

1 

1 

1 

I 

Degree 

Differential Gain 24 

+ 25°C 

III 

2 

2 

2 

2 

% 

DIGITAL OUTPUTS 








Logic “1” Voltage 14 

Full 

VI 

2.4 

2.4 

2.4 

2.4 

V 

Logic “0” Voltage 9, 14 

Full 

VI 

0.5 

0.5 

0.5 

0.5 

V 

Short Circuit Current 5 

Full 

VI 

30 

30 

30 

30 

mA 

POWER SUPPLY 








Positive Supply Current ( + 5 . 5 V) 

+ 25°C 

I 

34 46 

34 46 

34 46 

34 46 

mA 

(V E e= -5.5V) 

Full 

VI 

48 

48 

48 

48 

mA 

Negative Supply Current ( - 5.5V) 

+ 25°C 

I 

90 no 

90 no 

90 110 

90 110 

mA 


Full 

VI 

120 

120 

120 

120 

mA 

Nominal Power Dissipation 

+ 25°C 

V 

550 

550 

550 

550 

mW 

Reference Ladder Dissipation 

+ 25°C 

V 

45 

45 

45 

45 

mW 


NOTES: 

'Maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the device may be impaired. Functional operation under any of these 
conditions is not necessarily implied. Exposure to absolute maximum rating conditions for extended periods of time may affect device reliability. 

2 Applied voltage must be current-limited to specified range. 

’Forcing voltage must be limited to specified range. 

4 Current is specified as negative when flowing into the device. 

'Output High; one pin to ground; one second duration. 

‘Typical thermal impedances (no air flow) are as follows: 

Ceramic DIP: 0 JA = 49'C/W; e JC = 15°C/W LCC: 0, A = 69°C/W; 6 JC = 2 1°C/W 
Plastic DIP: 0 JA = 58°C/W; 0, c = 16°C/W PLCC: 0 JA = 59; 0, c = 19 

To calculate junction temperature (Tj), use power dissipation (PD) and thermal impedance: 

Tj = PD(0 ja ) + T a mbihnt = PD(0jc) = + Tc A se 
7 MeasuredwithV, N = OV and CONVERT low (sampling mode). 

'Vcc - + 5.5V 
’Vee = -5.5V 

l0 Determincd by beat frequency testing for no missing codes. 

1 1 V RT - V M under all circumstances. 

12 V EE = -4.9V 

1 'Outputs terminated with 40pF and 8 10fl pull-up resistors. 

'♦Vcc =+ 4.5V 

1 'Interval from 50% point of leading edge CONVERT pulse to change in output data. 

“For full scale step input, 8-bit accuracy attained in specified time. 

1 7 Recovers to 8-bit accuracy in specified time after - 3 V input overvoltage . 

“Output time skew includes high-to-lowand low-to-high transitions as well as bit-to-bit time skew differences. 

“Measured at 20MHz encode rate with analog input ldB below full scale. 

"Measured at 35MHz encode rate with analog input ldB below full scale. 

2I RMS signal to rms noise. 

22 Peak signal to rms noise. 

2, DC to 8MH z noise bandwidth with 1 ,248MHz slot; four sigma loading; 20MHz encode. 

“Clock frequency = 4 x NTSC = 14.32MHz. Measured with 40-IRE modulated ramp. 

Specifications subject to change without notice. 


EXPLANATION OF TEST LEVELS 


Test Level I 
Test Level II 

Test Level III 
Test Level IV 


100% production tested. 

100% production tested at + 25°C and 
sample tested at specified temperatures. 
Sample tested only. 

Parameter is guaranteed by design and 
characterization testing. 


Test Level V - Parameter is a typical value only. 

T est Level VI - All devices are 1 00% production tested at 

25°C. 100% production tested at temperature 
extremes for military temperature devices; 
sample tested at temperature extremes for 
commercial/industrial devices. 
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ORDERING GUIDE 


Model 

Linearity 

Temperature 

Package 

Option 1 

AD9048JN 

0.75LSB 

0 to + 70°C 

N-28 

AD9048KN 

0.5LSB 

Oto + 70°C 

N-28 

AD9048JJ 

0.75LSB 

0 to + 70°C 

J-28 

AD9048KJ 

0.5LSB 

0 to + 70°C 

J-28 

AD9048JQ 

0.75LSB 

Oto +70°C 

Q-28 

AD9048KQ 

0.5LSB 

Oto + 70°C 

Q-28 

AD9048SE 2 

0.75LSB 

-55°Cto + 125°C 

E-28A 

AD9048TE 2 

0.5LSB 

- 55°Cto + 125°C 

E-28A 

AD9048SQ 2 

0.75LSB 

-55°Cto + 125°C 

Q-28 

AD9048TQ 2 

0.5LSB 

- 55°Cto + 125°C 

Q-28 


NOTES 

'E = Leadless Ceramic Chip Carrier; J = J-Leaded Ceramic; N = Plastic DIP; Q = Cerdip. 
For outline information see Package Information section. 

2 For specifications, refer to Analog Devices Military Products Databook. 


MECHANICAL INFORMATION 



Die Dimensions 127 x 140 x 4 ( ± 2) mils 

Pad Dimensions 4x4 mils 

Metalization Gold 

Backing None 

Substrate Potential Vee 

Passivation Nitride 

Die Attach Gold Eutectic 

Bond Wire 1 mil Gold; Gold Ball Bonding 


PIN CONFIGURATIONS 
LCC 


J-Leaded Ceramic 


D1 (MSB) | 1 

02 rr 



iQnOnMnQnQrS, 


12 13 14 15 16 17 18 

I S s S || * 



“* ° ° | | £ 
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FUNCTIONAL DESCRIPTION 


AD9048 


Pin 

Name 

D1 - D8 

AGND 

DGND 

Vex: 

Vee 

CONVERT 


Description 

Eight digital outputs. D1 (MSB) is the most 
significant bit of the digital output word; 

D8 (LSB) is the least significant bit. 

One of two analog ground returns. Both grounds 
should be connected together and to low impedance 
ground plane near the AD9048. 

One of two digital ground returns. Both grounds 
should be connected together and to low impedance 
ground plane near the AD9048. 

Positive supply terminals; nominally +5.0V. 
Negative supply terminals; nominally -5.2V. 

Input for conversion signal; sample* of analog 
input signal taken on rising edge of this pulse. 


Pin 

Name 

Rb 


Rm 

R t 

VlN 

NMINV 


NLINV 


Description 

Most negative reference voltage for internal 
ieference ladder. 

Midpoint tap on internal reference ladder. 

Most positive reference voltage for internal 
reference ladder. 

Analog input signal pin. 

“Not Most Significant Bit Invert.” In normal 
operation, this pin floats high; logic LOW at 
NMINV inverts most significant bit of digital 
output word [D1 (MSB)]. 

“Not Least Significant Bit Invert.” In normal 
operation, this pin floats high; logic LOW at 
NLINV inverts the seven least significant bits of 
the digital output word. 


-5.2V + 5.0V 



AD*jmrumnjinjz 


V,M 

v IL 


AD9048 Burn-In Diagram 
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AD9048 

THEORY OF OPERATION 

Refer to the block diagram of the AD9048. The AD9048 comprises 
three functional sections: a comparator array, encoding logic, 
and output latches. 

Within the array, the analog input signal to be digitized is compared 
with 255 reference voltages. The outputs of all comparators 
whose references are below the input signal level will be high; 
and outputs whose references are above that level will be low. 

The n-of-255 code which results from this comparison is applied 
to the encoding logic where it is converted into binary coding. 
When it is inverted with dc signals applied to the NLINV and/or 
NMINV pins, it becomes twos complement. 

After encoding, the signal is applied to the output latch circuits 
where it is held constant between updates controlled by the 
application of CONVERT pulses. 

The AD9048 uses strobed latching comparators in which com- 
parator outputs are either high or low, as dictated by the analog 
input level. Data appearing at the output pins have a pipeline 
delay of one encode cycle. 

Input signal levels between the references applied to Rt (Pin 18) 
and R b (Pin 26) will appear at the output as binary numbers 
between 0 and 255, inclusive. Signals outside that range will 
show up as either full-scale positive or full-scale negative outputs. 
No damage will occur to the AD9048 as long as the input is 
within the voltage range of Vee to + 0.5V. 

The significantly reduced input capacitance of the AD9048 
lowers the drive requirements of the input buffer/amplifier and 
also induces much smaller phase shift in the analog input signal. 

Applications which depend on controlled phase shift at the 
converter input can benefit from using the AD9048 because of 
its inherently lower phase shift. 

The CONVERT, analog input and digital output circuits are 
shown in Figure 1, AD9048 Input/Output Circuits. 


System timing which provides details on delays through the 
AD9048, as well as the relationships of various timing events, is 
shown in Figure 2, AD9048 Timing Diagram. 

Dynamic performance of the AD9048, i.e., typical signal-to-noise 
ratio, is illustrated in Figures 3 and 4. 



Figure 7. Input/Output Circuits 


N + 1 



Figure 2. AD9048 Timing Diagram 


4-36 VIDEO A/D CONVERTERS 


REV. A 



AD9048 


a 

MINIMI 

III 

5 

assail 

III 

■■■ 

IBB 

III 
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HHIBI 

III 


100kHz 1MHz 10MHz 

ANALOG INPUT FREQUENCY - IdB BELOW FULL SCALE 


Ceramic 0.1 p,F decoupling capacitors should be placed as close 
as possible to the supply pins of the AD9048. For decoupling 
low frequency signals, use 10|xF tantalum capacitors, also con- 
nected as close as practical to voltage supply pins. 

Within the AD9048, reference currents may vary because of 
coupling between the clock and input signals. Because of this, it 
is important that the ends of the reference ladder, Rt (Pin 18) 
and R b (Pin 28), be connected to low impedances (as measured 
from ground). 

If the AD9048 is being used in a circuit in which the reference 
is not varied, a bypass capacitor to ground is strongly recom- 
mended. In applications which use varying references, they 
must be driven from a low impedance source. 


Figure 3. AD9048 Dynamic Performance (20MHz Encode 
Rate) 



ANALOG INPUT FREQUENCY - IdB BELOW FULL SCALE 


Figure 4. AD9048 Dynamic Performance (35MHz Encode 
Rate) 

LAYOUT SUGGESTIONS 

Designs which use the AD9048 or any other high-speed device 
must follow some basic layout rules to insure optimum 
performance. 

The first requirement is to have a large, low impedance ground 
plane under and around the converter. If the system uses separate 
analog and digital grounds, both should be connected solidly 
together and to the ground plane as close to the AD9048 as 
practical, to avoid ground loop currents. 



Figure 5. AD9048 Typical Connections 
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AD9048 Truth Table 


Step 

Range 

Binary 

Offset Twos 
Complement 

True 

Inverted 

True 

Inverted 


- 2.000V FS 

-2.0480V FS 

NMINV = 1 

0 

0 

1 


7.8431 mV Step 

8. 000m V Step 

NLINV = 1 

0 

1 

0 

000 

0.0000V 

0.0000V 

00000000 

11111111 

10000000 

01111111 

001 

-0.0078V 

-0.0080V 

00000001 

11111110 

10000001 

01111110 

• 

. 

. 

• 

. 

. 

• 

• 

• 

• 

• 

• 

. 

• 

127 

-0.9961V 

-1.0160V 

01111111 

10000000 

11111111 

00000000 

128 

- 1.0039V 

-1.0240V 

10000000 

01111111 

00000000 

11111111 

129 

-1.0118V 

-1.0320V 

10000001 

01111110 

00000001 

11111110 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

254 

- 1.9921V 

-2.0320V 

11111110 

00000001 

omnio 

10000001 

255 

-2.0000V 

-2.0400V 

11111111 

00000000 

01111111 

10000000 
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□ ANALOG 
DEVICES 


AD9060 


10-Bit 75 MSPS 
A/D Converter 


FEATURES 

Monolithic 10-Bit/75 MSPS Converter 
ECL Outputs 

Bipolar (±1.75 V) Analog Input 
57 dB SNR @ 2.3 MHz Input 
Low (45 pF) Input Capacitance 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 

Digital Oscilloscopes 

Medical Imaging 

Professional Video 

Radar Warning/Guidance Systems 

Infrared Systems 


GENERAL DESCRIPTION 

The AD9060 A/D converter is a 10-bit monolithic converter ca- 
pable of word rates of 75 MSPS and above. Innovative architec- 
ture using 512 input comparators instead of the traditional 1024 
required by other flash converters reduces input capacitance and 
improves linearity. 

Inputs and outputs are ECL-compatible, which makes the 
AD9060 the recommended choice for systems with conversion 
rates >30 MSPS, to minimize system noise. An overflow bit is 
provided to indicate analog input signals greater than +V SENSE . 

Voltage sense lines are provided to insure accurate driving of the 
± V REF voltages applied to the units. Quarter-point taps on the 
resistor ladder help optimize the integral linearity of the unit. 

Either 68-pin ceramic leaded (gull wing) packages or ceramic 
LCCs are available and are specifically designed for low thermal 
impedances. Two performance grades for temperatures of both 0 
to +70°C and -55°C to +125°C ranges are offered to allow the 
user to select the linearity best suited for each application. Dy- 
namic performance is fully characterized and production tested 
at +25°C. MIL-STD-883 units are available. 

The AD9060 A/D converter is available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military 
Products Databook or current AD9060/883B data sheet for de- 
tailed specifications. 


FUNCTIONAL BLOCK DIAGRAM 


MSB LS0S 
INVERT INVERT 
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AD9060— SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 1 

+V S . +6 V 

-V s . . -6V 

ANALOG IN -2 V to +2 V 

+ V REF , — V ref , 3/4 ref , 1/2 ref , 1/4 ref —2 V to +2 V 


ENCODE, ENCODE 0 V to -V s 


3/4 ref , 1/2 ref , 1/4 ref Current ±10 mA 

Digital Output Current .20 mA 

Operating Temperature 

AD9060JE/KE/JZ/KZ 0 to +70°C 

Storage Temperature -65°C to ±150°C 

Maximum Junction Temperature 2 + 175°C 

Lead Soldering Temp (10 sec) +300°C 


(+V S = +5 V; -Y s = -5.2 V; ±V SENSE = ±1.75 V; ENCODE = 60 MSPS 

ELECTRICAL CHARACTERISTICS unless otherwise noted ) 3 


Parameter (Conditions) 

Temp 

Test 

Level 

i 

Min 

AD9060JE/JZ 

Typ 

Max 

Min 

AD9060KE/KZ 

Typ Max 

Units 

RESOLUTION 



10 

10 

Bits 

DC ACCURACY 3 










Differential Nonlinearity 

+25°C 

I 


1.0 

1.25 


0.75 

1.0 

LSB 


Full 

VI 



1.5 



1.25 

LSB 

Integral Nonlinearity 

+25°C 

I 


1.25 

2.0 


1.0 

1.5 

LSB 


Full 

VI 



2.5 



2.0 

LSB 

No Missing Codes 

Full 

VI 





Guaranteed 



ANALOG INPUT 










Input Bias Current 4 

+25°C 

I 


0.4 

1.0 


0.4 

1.0 

mA 


Full 

VI 



2.0 



2.0 

mA 

Input Resistance 

+25°C 

I 

2.0 

7.0 


2.0 

7.0 


kH 

Input Capacitance 4 

+25°C 

V 


45 



45 


pF 

Analog Bandwidth 

+25°C 

V 


175 



175 


MHz 

REFERENCE INPUT 










Reference Ladder Resistance 

+25°C 

I 

22 

37 

56 

22 

37 

56 

a 


Full 

VI 

14 


66 

14 


66 

n 

Ladder Tempco 

FuU 

V 


0.1 



0.1 


arc 

Reference Ladder Offset 










Top of Ladder 

+25°C 

I 


45 

90 


45 

90 

mV 


Full 

VI 



90 



90 

mV 

Bottom of Ladder 

+25°C 

I 


45 

90 


45 

90 

mV 


Full 

VI 



90 



90 

mV 

Offset Drift Coefficient 

FuU 

V 


50 



50 


^V/°C 

SWITCHING PERFORMANCE 










Conversion Rate 

+25°C 

I 

75 



75 



MSPS 

Aperture Delay (t A ) 

+25°C 

V 


1 



1 


ns 

Aperture Uncertainty (Jitter) 

+25°C 

V 


5 



5 


ps, rms 

Output Delay (t OD ) 5 

+25°C 

I 

2 

4 

9 

2 

4 

9 

ns 

Output Rise Time 

+25°C 

I 


1 

3 


1 

3 

ns 

Output Fall Time 

+25°C 

I 


1 

3 


1 

3 

ns 

Output Time Skew 5 

+25°C 

I 


1.5 

3 


1.5 

3 

ns 

DYNAMIC PERFORMANCE 










Transient Response 

+25°C 

V 


10 



10 


ns 

Overvoltage Recovery Time 

+25°C 

V 


10 



10 


ns 

Effective Number of Bits (ENOB) 










f IN = 2.3 MHz 

+ 25°C 

I 

8.7 

9.1 


8.7 

9.1 


Bits 

f IN = 10.3 MHz 

+25°C 

IV 

8.0 

8.6 


8.0 

8.6 


Bits 

f IN = 29.3 MHz 

+25°C 

IV 

7.0 

7.4 


7.0 

7.4 


Bits 

Signal-to-Noise Ratio 6 










f IN = 2.3 MHz 

+25°C 

I 

54 

56 


54 

56 


dB 

f IN = 10.3 MHz 

+25°C 

I 

51 

54 


51 

54 


dB 

f IN = 29.3 MHz 

+25°C 

I 

44 

47 


44 

47 


dB 
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Parameter (Conditions) 

Temp 

Test 

Level 

Min 

AD9060JE/JZ 

Typ 

Max 

Min 

AD9060KE/KZ 

Typ Max 

Units 

DYNAMIC PERFORMANCE 









(CONTINUED) 









Signal-to-Noise Ratio 6 









(Without Harmonics) 









f IN = 2.3 MHz 

+25°C 

I 

54 

56 


54 

58 

dB 

f IN = 10.3 MHz 

+25°C 

I 

51 

55 


51 

55 

dB 

f IN = 29.3 MHz 

+25°C 

I 

46 

48 


46 

48 

dB 

Harmonic Distortion 









f IN = 2.3 MHz 

+25°C 

I 

61 

65 


61 

65 

dBc 

f IN = 10.3 MHz 

+25°C 

I 

55 

58 


55 

58 

dBc 

f IN = 29.3 MHz 

+25°C 

I 

47 

50 


47 

50 

dBc 

Two-Tone Intermodulation 









Distortion Rejection 7 

+25°C 

V 


70 



70 

dBc 

Differential Phase 

+25°C 

V 


0.5 



0.5 

Degree 

Differential Gain 

+25°C 

V 


1 



1 

% 

ENCODE INPUT 









Logic “1” Voltage 

Full 

VI 

-1.1 



-1.1 


V 

Logic “0” Voltage 

Full 

VI 



-1.5 


-1.5 

V 

Logic “1” Current 

Full 

VI 


150 

300 


150 300 

p,A 

Logic “0” Current 

Full 

VI 


150 

300 


150 300 

M-A 

Input Capacitance 

+ 25°C 

V 


5 



5 

pF 

Pulse Width (High) 

+ 25°C 

I 

6 



6 


ns 

Pulse Width (Low) 

+25°C 

I 

6 



6 


ns 

DIGITAL OUTPUTS 









Logic “1” Voltage 

Full 

VI 

-1.1 



-1.1 


V 

Logic “0” Voltage 

Full 

VI 



-1.5 


-1.5 

V 

POWER SUPPLY 









+ V S Supply Current 

+ 25°C 

VI 


420 

500 


420 500 

mA 


Full 

VI 



500 


500 

mA 

— V s Supply Current 

+ 25°C 

VI 


150 

180 


150 180 

mA 


Full 

VI 



190 


190 

mA 

Power Dissipation 

+ 25°C 

VI 


2.8 

3.3 


2.8 3.3 

W 


Full 

VI 



3.5 


3.5 

W 

Power Supply Rejection 









Ratio (PSRR) 8 

Full 

VI 


6 

10 


6 10 

mV/V 


NOTES 

'Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

2 Typical thermal impedances (part soldered onto board): 68-pin leaded ceramic chip carrier: 6 JC = 1°C/W; 0 JA = 17°C/W (no air flow); 0 JA = 15°C/W 
(air flow = 500 LFM). 68-pin ceramic LCC: 0 JC = 2.6°C/W; 0 JA = 15°C/W (no air flow); 0 JA = 13 3 C/W (air flow = 500 LFM). 

3 3/4 rff , 1/2 ref , and 1/4 REF reference ladder taps are driven from dc sources at +0.875 V, 0 V, and -0.875 V, respectively. Outputs terminated through 100 0 
to -2.0 V; C L < 4 pF. Accuracy of the overflow comparator is not tested and not included in linearity specifications. 

4 Measured with ANALOG IN = +V SENSE . 

5 Output delay measured as worst-case time from 50% point of the rising edge of ENCODE to 50% point of the slowest rising or falling edge of D 0 -D 9 . Output 
skew measured as worst-case difference in output delay among D 0 -D 9 . 

6 RMS signal to rms noise with analog input signal 1 dB below full scale at specified frequency. 

7 Intermodulation measured with analog input frequencies of 2.3 MHz and 3.0 MHz at 7 dB below full scale. 

"Measured as the ratio of the worst-case change in transition voltage of a single comparator for a 5% change in +V S or -V s . 

Specifications subject to change without notice. 
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EXPLANATION OF TEST LEVELS 
Test Level 

I - 100% production tested. 

II - 100% production tested at +25°C, and sample tested at 

specified temperatures. 

III - Sample tested only. 

IV - Parameter is guaranteed by design and characterization 

testing. 

V - Parameter is a typical value only. 

VI - All devices are 100% production tested at +25°C. 

100% production tested at temperature extremes for 
extended temperature devices; sample tested at temper- 
ature extremes for commercial/industrial devices. 


ORDERING GUIDE 



Temperature Package DIE LAYOUT AND MECHANICAL INFORMATION 


Device Range Option 1 Die Dimensions 206 x 140 x 15 (±2) mils 

AD9060JZ 0 to +70°C Z-68 Pad Dimensions 4x4 mils 

AD9060JE 0 to +70°C E-68A Metalization Gold 

AD9060KZ 0 to +70°C Z-68 Backing None 

AD9060KE 0 to +70°C E-68A Substrate Potential -V s 

AD9060SZ 2 -55°C to +125°C Z-68 Passivation Nitride 

AD9060SE 2 -55°C to +125°C E-68A 

AD9060TZ 2 -55°C to +125°C Z-68 

AD9060TE 2 - 55°C to + 125°C E-68A 

AD9060/PCB 0 to + 70°C Evaluation Board 


NOTES 

*E = Ceramic Leadless Chip Carrier; Z = Ceramic Leaded Chip Carrier. 
For outline information see Package Information section. 

2 For specifications, refer to Analog Devices Military Products Databook. 
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NC 

LSBs INVERT 
NC 

-VsENSE 

“Vref 

NC 

-V s 

GND 

GND 

OVERFLOW 
D 9 (MSB) 

D 8 

d 7 

d 6 

^5 

GND 

NC 


AD9060 Pin Designations 


AD9060 PIN DESCRIPTIONS 


Pin No. 

Name 

Function 

1 


Midpoint of internal reference ladder. 

2, 16, 28, 29, 35, 

41, 42, 54, 64 

-V s 

Negative supply voltage; nominally -5.2 V ±5%. 

3, 6, 15, 30, 33, 34, 

37, 40, 65, 68 

+V S 

Positive supply voltage; nominally -1-5 V ±5%. 

4, 5, 17, 18, 25, 27, 

31, 32, 36, 38, 39, 43, 
45, 52, 53, 66, 67 

GROUND 

All ground pins should be connected together and to low- 
impedance ground plane. 

7 

3 / 4 ref 

Three-quarter point of internal reference ladder. 

8,9 

ANALOG IN 

Analog input; nominally between ±1.75 V. 

11 

+ V SENSE 

Voltage sense line to most positive point on internal resistor 
ladder. Normally +1.75 V. 

12 

+V REF 

Voltage force connection for top of internal reference ladder. 
Normally driven to provide +1.75 V at +V SEN se- 

13 

ENCODE 

Differential ECL convert signal which starts digitizing process. 

14 

ENCODE 

ECL-compatible convert command used to begin digitizing 
process. 

19-23, 46-50 

D 0 -D 9 

ECL-compatible digital output data. 

51 

OVERFLOW 

ECL-compatible output indicating ANALOG IN > 

+v SENSE . 

56 

-v REF 

Voltage force connection for bottom of internal reference 
ladder. Normally driven to provide -1.75 V at -V SEN se* 

57 

—V SENS e 

Voltage sense line to most negative point on internal resistor 
ladder. Normally -1.75 V. 

59 

LSBs INVERT 

Normally grounded. When connected to +V S , lower order 
bits (D 0 -D g ) are inverted. Not ECL-compatible. 

61 

MSB INVERT 

Normally grounded. When connected to +V S , most 
significant bit (MSB; D 9 ) is inverted. Not ECL-compatible. 

63 

1 / 4 ref 

One-quarter point of internal reference ladder. 
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AD9060 

MIL-STD-883 Compliance Information 

The AD9060 devices are classified within Microcircuits Group 
57, Technology Group D (bipolar A/D converters) and are con- 
structed in accordance with MIL-STD-883. The AD9060 is 
electrostatic sensitive and falls within electrostatic sensitivity 
classification Class 1 . Percent Defective Allowance (PDA) is 
computed based on Subgroup 1 of the specified Group A test 
list. Quality Assurance (QA) screening is in accordance with 
Alternate Method A of Method 5005. 

The following apply: Burn-In per 1015; Life Test per 1005; 
Electrical Testing per 5004. (Note: Group A electrical testing 
assumes T A = T c = Tj.) MIL-STD-883-compliant devices are 
marked with “C” to indicate compliance. 


+5.0V 



THEORY OF OPERATION 

Refer to the AD9060 block diagram. As shown, the AD9060 
uses a modified “flash,” or parallel, A/D architecture. The ana- 
log input range is determined by an external voltage reference 
(+ Vref and — Vre F ), nominally ±1.75 V. An internal resistor 
ladder divides this reference into 512 steps, each representing 
two quantization levels. Taps along the resistor ladder (1/4 REF j 
1/2 ref and 3/4 RE f) are provided to optimize linearity. Rated 
performance is achieved by driving these points at 1/4, 1/2 and 
3/4, respectively, of the voltage reference range. 

The A/D conversion for the nine most significant bits (MSBs) is 
performed by 512 comparators. The value of the least significant 
bit (LSB) is determined by a unique interpolation scheme 
between adjacent comparators. The decoding logic processes the 
comparator outputs and provides a 10-bit code to the output 
stage of the converter. 

Flash architecture has an advantage over other A/D architectures 
because conversion occurs in one step. This means the perfor- 
mance of the converter is limited primarily by the speed and 
matching of the individual comparators. In the AD9060, an 
innovative interpolation scheme takes advantage of flash archi- 
tecture but minimizes the input capacitance, power and device 
count usually associated with that method of conversion. 

These advantages occur because of using only half the normal 
number of input comparator cells to accomplish the conversion. 
In addition, a proprietary decoding scheme minimizes error 
codes. Input control pins allow the user to select from among 
Binary, Inverted Binary, Twos Complement and Inverted Twos 
Complement coding (See AD9060 Truth Table). 


APPLICATIONS 

Many of the specifications used to describe analog/digital con- 
verters have evolved from system performance requirements in 
these applications. Different systems emphasize particular speci- 
fications, depending on how the part is used. The following 
applications highlight some of the specifications and features 
that make the AD9060 attractive in these systems. 

Wideband Receivers 

Radar and communication receivers (baseband and direct IF 
digitization), ultrasound medical imaging, signal intelligence and 
spectral analysis all place stringent ac performance requirements 
on analog- to-digital converters (ADCs). Frequency domain char- 
acterization of the AD9060 provides signal-to-noise ratio (SNR) 
and harmonic distortion data to simplify selection of the ADC. 

Receiver sensitivity is limited by the Signal-to-Noise Ratio 
(SNR) of the system. The SNR for an ADC is measured in the 
frequency domain and calculated with a Fast Fourier Transform 
(FFT). The SNR equals the ratio of the fundamental compo- 
nent of the signal (rms amplitude) to the rms value of the 
“noise.” The noise is the sum of all other spectral components, 
including harmonic distortion, but excluding dc. 

Good receiver design minimizes the level of spurious signals in 
the system. Spurious signals developed in the ADC are the 
result of imperfections in the device transfer function (non- 
linearities, delay mismatch, varying input impedance, etc.). In 
the ADC, these spurious signals appear as Harmonic Distortion. 
Harmonic Distortion is also measured with an FFT and is speci- 
fied as the ratio of the fundamental component of the signal 
(rms amplitude) to the rms value of the worst case harmonic 
(usually the 2nd or 3rd). 
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Two-Tone Intermodulation Distortion (IMD) is a frequently cited 
specification in receiver design. In narrow-band receivers, third- 
order IMD products result in spurious signals in the pass band 
of the receiver. Like mixers and amplifiers, the ADC is charac- 
terized with two, equal-amplitude, pure input frequencies. The 
IMD equals the ratio of the power of either of the two input 
signals to the power of the strongest third-order IMD signal. 
Unlike mixers and amplifiers, the IMD does not always behave 
as it does in linear devices (reduced input levels do not result in 
predictable reductions in IMD). 

Performance graphs provide typical harmonic and SNR data for 
the AD9060 for increasing analog input frequencies. In choosing 
an A/D converter, always look at the dynamic range for the ana- 
log input frequency of interest. The AD9060 specifications pro- 
vide guaranteed minimum limits at three analog test frequencies. 

Aperture Delay is the delay between the rising edge of the 
ENCODE command and the instant at which the analog input 
is sampled. Many systems require simultaneous sampling of 
more than one analog input signal with multiple ADCs. In these 
situations, timing is critical and the absolute value of the aper- 
ture delay is not as critical as the matching between devices. 

Aperture Uncertainty , or jitter, is the sample-to-sample variation 
in aperture delay. This is especially important when sampling 
high slew rate signals in wide bandwidth systems. Aperture 
uncertainty is one of the factors which degrades dynamic perfor- 
mance as the analog input frequency is increased. 

Digitizing Oscilloscopes 

Oscilloscopes provide amplitude information about an observed 
waveform with respect to time. Digitizing oscilloscopes must 
accurately sample this signal, without distorting the information 
to be displayed. 

One figure of merit for the ADC in these applications is Effec- 
tive Number of Bits ( ENOBs ). ENOB is calculated with a sine 
wave curve fit and equals: 

ENOB = N - LOG 2 [Error (measured)/Error (ideal)] 

N is the resolution (number of bits) of the ADC. The measured 
error is the actual rms error calculated from the converter out- 
puts with a pure sine wave input. 

The Analog Bandwidth of the converter is the analog input fre- 
quency at which the spectral power of the fundamental signal is 
reduced 3 dB from its low frequency value. The analog band- 
width is a good indicator of a converter’s slewing capabilities. 

The Maximum Conversion Rate is defined as the encode rate at 
which the SNR for the lowest analog signal test frequency tested 
drops by no more than 3 dB below the guaranteed limit. 


Imaging 

Visible and infrared imaging systems both require similar char- 
acteristics from ADCs. The signal input (from a CCD camera, 
or multiplexer) is a time division multiplexed signal consisting of 
a series of pulses whose amplitude varies in direct proportion to 
the intensity of the radiation detected at the sensor. These vary- 
ing levels are then digitized by applying encode commands at 
the correct times, as shown below. 



Imaging Application Using AD9060 

The actual resolution of the converter is limited by the thermal 
and quantization noise of the ADC. The low frequency test for 
SNR or ENOB is a good measure of the noise of the AD9060. 
At this frequency, the static errors in the ADC determine the 
useful dynamic range of the ADC. 

Although the signal being sampled does not have a significant 
slew rate, this does not imply dynamic performance is not 
important. The Transient Response and Overvoltage Recovery 
Time specifications insure that the ADC can track full-scale 
changes in the analog input sufficiently fast to capture a valid 
sample. 

Transient Response is the time required for the AD9060 to 
achieve full accuracy when a step function is applied. Overvolt- 
age Recovery Time is the time required for the AD9060 to 
recover to full accuracy after an analog input signal 150% of full 
scale is reduced to the full-scale range of the converter. 

Professional Video 

Digital Signal Processing (DSP) is now common in television 
production. Modern studios rely on digitized video to create 
state-of-the-art special effects. Video instrumentation also 
requires high resolution ADCs for studio quality measurement 
and frame storage. 

The AD9060 provides sufficient resolution for these demanding 
applications. Conversion speed, dynamic performance and ana- 
log bandwidth are suitable for digitizing both composite and 
RGB video sources. 
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AD9060 

USING THE AD9060 
Voltage References 

The AD9060 requires that the user provide two voltage refer- 
ences: +V REF and -V REF . These two voltages are applied 
across an internal resistor ladder (nominally 37 ft) and set the 
analog input voltage range of the converter. The voltage refer- 
ences should be driven from a stable, low impedance source. In 
addition to these two references, three evenly spaced taps on the 
resistor ladder (1/4 REF , 1/2 REF , 3/4 REF ) are available. Providing 
a reference to these quarter points on the resistor ladder will 
improve the integral linearity of the converter and improve ac 
performance. (AC and dc specifications are tested while driving 
the quarter points at the indicated levels.) The figure below is 
not intended to show the transfer characteristic of the ADC, but 
illustrates how the linearity of the device is affected by reference 
voltages applied to the ladder. 



Effect of Reference Taps on Linearity 

Resistance between the reference connections and the taps of the 
first and last comparators causes offset errors. These errors, 
called “top and bottom of the ladder offsets,” can be nulled by 
using the voltage sense lines, +V SENSE and ~V SENSE , to adjust 
the reference voltages. Current through the sense lines should be 
limited to less than 100 |xA. Excessive current drawn through 
the voltage sense lines will affect the accuracy of the sense line 
voltage. 

The next page shows a reference circuit which nulls out the off- 
set errors using two op amps and provides appropriate voltage 
references to the quarter-point taps. Feedback from the sense 
lines causes the op amps to compensate for the offset errors. 

The two transistors limit the amount of current drawn directly 
from the op amps; resistors at the base connections stabilize 
their operation. The 10 kft resistors (R1-R4) between the volt- 
age sense lines form an external resistor ladder; the quarter 
point voltages are taken off this external ladder and buffered by 
an op amp. The actual values of resistors R1-R4 are not critical, 
but they should match well and be large enough (>10 kft) to 
limit the amount of current drawn from the voltage sense lines. 


The select resistors (R s ) shown in the schematic (each pair can 
be a potentiometer) are chosen to adjust the quarter-point volt- 
age references, but are not necessary if R1-R4 match within 


0.05%. 



± V SENSE " V0ltS 


AD9060 SNR and ENOB vs. Reference Voltage 


An alternative approach for defining the quarter-point references 
of the resistor ladder is to evaluate the integral linearity error of 
an individual device, and adjust the voltage at the quarter-points 
to minimize this error. This may improve the low frequency ac 
performance of the converter. 

Performance of the AD9060 has been optimized with an analog 
input voltage of ±1.75 V (as measured at ±V SENSE ). If the ana- 
log input range is reduced below these values, relatively larger 
differential nonlinearity errors may result because of comparator 
mismatches. As shown in the figure below, performance of the 
converter is a function of ±V SENSE . 

Applying a voltage greater than 4 V across the internal resistor 
ladder will cause current densities to exceed rated values, and 
may cause permanent damage to the AD9060. The design of 
the reference circuit should limit the voltage available to the 
references. 

Analog Input Signal 

The signal applied to ANALOG IN drives the inputs of 512 
parallel comparator cells (see Equivalent Analog Input figure). 
This connection typically has an input resistance of 7 kft, and 
input capacitance of 45 pF. The input capacitance is nearly con- 
stant over the analog input voltage range, as shown in the graph 
which illustrates that characteristic. 

The analog input signal should be driven from a low distortion, 
low noise amplifier. A good choice is the AD9617, a wide band- 
width, monolithic operational amplifier with excellent ac and dc 
performance. The input capacitance should be isolated by a 
small series resistor (24 ft for the AD9617) to improve the ac 
performance of the amplifier (see AD9060/PCB Evaluation 
Board Block Diagram). 
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AD9060 



t a - Aperture Delay 
t OD - Output Delay 


AD9060 Timing Diagram 


Timing 

In the AD9060, the rising edge of the ENCODE signal triggers 
the A/D conversion by latching the comparators. ( See the 
AD9060 Timing Diagram.) These ENCODE and ENCODE 
signals are ECL compatible and should be driven differentially. 
Jitter on the ENCODE signal will raise the noise floor of the 
converter. Differential signals, with fast clean edges, will reduce 
the jitter in the signal, and allow optimum ac performance. In 
applications with a fixed, high frequency encode rate, converter 
performance is also improved (jitter reduced) by using a crystal 
oscillator as the system clock. 

The AD9060 units are designed to operate with a 50% duty cy- 
cle encode signal; adjustment of the duty cycle may improve the 
dyn amic perfor mance of individual devices. Since the ENCODE 
and ENCODE signals are differential, the logic levels are not 
critical. Users should remember, however, that reduced logic 
levels will reduce the slew rate of the edges, and effectively in- 
crease the ji tter of the signal. ECL terminations for the EN- 
CODE and ENCODE signals should be as close as possible to 
the AD9060 package to avoid reflections. 

In systems where only single-ended signals are available, the use 
of a high speed comparator (such as the AD96685) is recom- 
mended to convert to differential si gnals. An a lternative is to 
connect +1.3 V (ECL midpoint) to ENCODE and drive the 
ENCODE connection single ended. In such applications, clean, 
fast edges are necessary to minimize jitter in the signal. 

Output data of the AD9060, D 0 -D 9 and OVERFLOW, are also 
ECL compatible, and should be terminated through 100 D to 
-2 V (or an equivalent load). 

Data Format 

The format of the output data (D 0 -D 9 ) is controlled by the 
MSB INVERT and LSBs INVERT pins. These inputs are dc 
control inputs, and should be connected to GROUND or +V S . 
The AD9060 Truth Table gives information to choose from 
among Binary, Inverted Binary, Twos Complement and In- 
verted Twos Complement coding. 

The OVERFLOW output is an indication that the analog input 
signal has exceeded the voltage at +V SENSE . The accuracy of 
the overflow transition voltage and output delay are not tested 


or included in the data sheet limits. Performance of the overflow 
indicator is dependent on circuit layout and slew rate of the en- 
code signal. The operation of this function does not affect the 
other data bits (D 0 -D 9 ). It is not recommended for applications 
requiring a critical measure of analog input voltage. 

Layout and Power Supplies 

Proper layout of high speed circuits is always critical but is par- 
ticularly important when both analog and digital signals are 
involved. 

Analog signal paths should be kept as short as possible and be 
properly terminated to avoid reflections. The analog input volt- 
age and the voltage references should be kept away from digital 
signal paths; this reduces the amount of digital switching noise 
that is capacitively coupled into the analog section of the circuit. 

Digital signal paths should also be kept short, and run lengths 
should be matched to avoid propagation delay mismatch. Termi- 
nations for ECL signals should be as close as possible to the re- 
ceiving gate. 

In high speed circuits, layout of the ground circuit is a critical 
factor. A single, low impedance ground plane, on the compo- 
nent side of the board, will reduce noise on the circuit ground. 
Power supplies should be capacitively coupled to the ground 
plane to reduce noise in the circuit. Multilayer boards allow de- 
signers to lay out signal traces without interrupting the ground 
plane and provide low impedance power planes. 

It is especially important to maintain the continuity of the 
ground plane under and around the AD9060. In systems with 
dedicated digital and analog grounds, all grounds of the AD9060 
should be connected to the analog ground plane. 

The power supplies (+V S and -V s ) of the AD9060 should 
be isolated from the supplies used for external devices; this 
further reduces the amount of noise coupled into the A/D con- 
verter. Sockets limit the dynamic performance and should be 
used only for prototypes or evaluation— PCK Elastomerics 
Part No. CCS-68-55 is recommended for the LCC package. 

(Tel. 215-672-0787) 

An evaluation board is available to aid designers and provide a 
suggested layout. 
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INPUT FREQUENCY - MHz INPUT FREQUENCY - MHz 

AD9060 SNR and ENOB vs. Input Frequency AD9060 Harmonics vs. Input Frequency 



CONVERSION RATE - MSPS 


AD9060 SNR and ENOB vs. Conversion Rate 



-1.8 -1.2 -0.6 0 +0.6 +1.2 +1.8 
ANALOG INPUT (A IN ) - Volts 

Input Capacitance/Resistance vs. Input Voltage 


Step 

Range 

0 = -1.75 V 

FS = +1.75 V 

Offset Binary 

Twos Complement 

True 

MSB INV = “0” 
LSBs INV = “0” 

Inverted 

MSB INV = “1” 
LSBs INV = “1” 

True 

MSB INV = “1” 
LSBs INV = “0” 

Inverted 

MSB INV = “0” 
LSBs INV = “1” 

1024 

> + 1.7500 

(1)1111111111 

(1)0000000000 

(1)0111111111 

(1)1000000000 

1023 

+ 1.7466 

1111111111 

0000000000 

0111111111 

1000000000 

1022 

+ 1.7432 

1111111110 

0000000001 

0111111110 

1000000001 

512 

+0.0034 

1000000000 

0111111111 

0000000000 

1111111111 

511 

0.000 

0111111111 

1000000000 

1111111111 

0000000000 

510 

-0.0034 

0111111110 

1000000001 

1111111110 

0000000001 

02 

-1.7432 

0000000010 

1111111101 

1000000010 

0111111101 

01 

-1.7466 

0000000001 

1111111110 

1000000001 

0111111110 

00 

<-1.7466 

0000000000 

1111111111 

1000000000 

0111111111 


The overflow bit is always 0 except where noted in parentheses ( ). MSB INVERT and LSBs INVERT are considered dc controls. 


AD9060 Truth Table 
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INPUT RESISTANCE - kU 






AD9060 


DAC 

OUT 



AD9060/PCB Evaluation Board Block Diagram 


AD9060/PCB EVALUATION BOARD 

The AD9060/PCB Evaluation Board is available from the factory 
and is shown here in block diagram form. The board includes a 
reference circuit that allows the user to adjust both references 
and the quarter-point voltages. The AD9617 is included as the 
drive amplifier, and the user can configure the gain from - 1 
to -15. 


On-board reconstruction of the digital data is provided through 
the AD9712, a 12-bit monolithic DAC. The analog and recon- 
structed waveforms can be summed on the board to allow the 
user to observe the linearity of the AD9060 and the effects of 
the quarter-point voltages. The digital data and an adjustable 
Data Ready signal are available via a 37-pin edge connector. 
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Audio Digital-to-Analog Converters 



Res 


SNR 

THD+N 

Supplies 

Power 



Model 

Bits 

Channels 

0 dB-dB typ 

% typ 

Volts 

mW typ 

Pins 

Page 

AD1851 

16 

Single 

110 

0.003 

±5 

100 

16 

5-3 

AD1856 

16 

Single 

No Spec 

0.002 

±5 to ±12 

110 

16 

5-13 

AD1860 

18 

Single 

No Spec 

0.002 

±5 to ±12 

110 

16 

5-21 

AD1861 

18 

Single 

110 

0.003 

±5 

100 

16 

5-3 

AD1862 

20 

Single 

119 

0.0012 

±5 to ±12 

288 

16 

5-33 

AD1864 

18 

Dual 

108 

0.0017 

±5 to ±12 

225 

24/28 

5-43 

AD1865 

18 

Dual 

110 

0.0017 

±5 

225 

24/28 

5-55 

AD1866 

16 

Dual 

95 

0.005 

5 

45 

16 

5-65 

AD 1868 

18 

Dual 

97.5 

0.004 

5 

50 

16 

5-67 




ANALOG 

DEVICES 


16-Bit/I 8-Bit 16x F s 
PCM Audio DACs 


AD1851/AD1861 


FEATURES 
110 dB SNR 

Fast Settling Permits 16x Oversampling 
±3 V Output 

Optional Trim Allows Super-Linear Performance 
±5 V Operation 

16-Pin Plastic DIP and SOIC Packages 
Pin-Compatible with AD1856 & ADI 860 Audio DACs 
2s Complement, Serial Input 

APPLICATIONS 

High-End Compact Disc Players 
Digital Audio Amplifiers 
DAT Recorders and Players 
Synthesizers and Keyboards 

PRODUCT DESCRIPTION 

The AD 185 1/AD 1861 is a monolithic PCM audio DAC. The 
AD 1851 is a 16-bit device, while the AD 1861 is an 18-bit 
device. Each device provides a voltage output amplifier, DAC, 
serial-to-parallel register and voltage reference. The digital 
portion of the AD 185 1/AD 1861 is fabricated with CMOS logic 
elements that are provided by Analog Devices’ 2 |xm ABCMOS 
process. The analog portion of the AD1851/AD1861 is fabri- 
cated with bipolar and MOS devices as well as thin-film 
resistors. 

This combination of circuit elements, as well as careful design 
and layout techniques, results in high performance audio play- 
back. Laser- trimming of the linearity error affords low total har- 
monic distortion. An optional linearity trim pin is provided to 
allow residual differential linearity error at midscale to be elimi- 
nated. This feature is particularly valuable for low distortion 
reproductions of low amplitude signals. Output glitch is also 
small, contributing to the overall high level of performance. The 
output amplifier achieves fast settling and high slew rates, pro- 
viding a full ±3 V signal at load currents up to 8 mA. When 
used in current output mode, the AD 185 1/AD 1861 provides a 
± 1 mA output signal. The output amplifier is short circuit pro- 
tected and can withstand indefinite shorts to ground. 

The serial input interface consists of the clock, data and latch 
enable pins. The serial 2s complement data word is clocked into 
the DAC, MSB first, by the external clock. The latch enable 
signal transfers the input word from the internal serial input 
register to the parallel DAC input register. The AD 1851 input 
clock can support a 12.5 MHz data rate, while the AD1861 in- 
put clock can support a 13.5 MHz data rate. This serial input 
port is compatible with second generation digital filter chips 
used in consumer audio products. These filters operate at over- 
sampling rates of 2x, 4x, 8x and 16 x sampling frequencies. 

The critical specifications of THD+N and signal- to-noise ratio 
are 100% tested for all devices. 


FUNCTIONAL BLOCK DIAGRAM 


-Vs 

DGNO 

+V L 

NC 

CLK 

LE 

DATA 

NC 



♦V s 

TRIM 

MSB ADJ 

•out 

AGND 

SJ 

Rf 

v out 


NC = NO CONNECT 


The AD 185 1/AD 1861 operates with ±5 V power supplies, mak- 
ing it suitable for home use markets. The digital supply, V L , 
can be separated from the analog supplies, V s and -V s , for re- 
duced digital crosstalk. Separate analog and digital ground pins 
are also provided. Power dissipation is 100 mW typical. 

The AD 185 1/AD 1861 is available in either a 16-pin plastic DIP 
or a 16-pin plastic SOIC package. Both packages incorporate the 
industry standard pinout found on the AD 1856 and AD 1860 
PCM audio DACs. As a result, the AD1851/AD1861 is a drop- 
in replacement for designs where ±5 V supplies have been used 
with the AD1856/AD1860. Operation is guaranteed over the 
temperature range of -25°C to +70°C and over the voltage sup- 
ply range of ±4.75 V to ±5.25 V. 

PRODUCT HIGHLIGHTS 

1. AD 1851 16-bit resolution provides 96 dB dynamic range. 

AD 1861 18-bit resolution provides 108 dB dynamic range. 

2. No external components are required. 

3. Operates with ±5 V supplies. 

4. Space saving 16-pin SOIC and plastic DIP packages. 

5. 100 mW power dissipation. 

6. High input clock data rates and 1.5 |xs settling time permits 
2x, 4x, 8x and 16 x oversampling. 

7. ±3 V or ±1 mA output capability. 

8. THD + Noise and SNR are 100% tested. 

9. Pin-compatible with AD1856 & AD1860 PCM audio DACs. 
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AD1851/AD1 861 -SPECIFICATIONS 


(T a @ +25°C and ±5 V supplies, unless otherwise noted) 



Min 

Typ 

Max 

Units 

DIGITAL INPUTS 



■ 


v IH 

2.0 


+v L 

V 

V IL 



0.8 

V 

Iihj V ih = V L 



1.0 

M-A 

V 1L = 0.4 



-10 

p,A 

ACCURACY 





Gain Error 


±1 


% 

Midscale Output Voltage 


±10 


mV 

DRIFT (0°C to + 70°C) 





Total Drift 


±25 


ppm of FSR/°C 

Bipolar Zero Drift 


±4 


ppm of FSR/°C 

SETTLING TIME (To ±0.0015% of FSR) 





Voltage Output 





6 V Step 


1.5 


|XS 

1 LSB Step 


1.0 


|XS 

Slew Rate 

Current Output 


9 


V/jxs 

1 mA Step 10 O to 100 G Load 


350 


ns 

1 kU Load 


350 


ns 

OUTPUT 





Voltage Output Configuration 





Bipolar Range 

±2.88 

±3.0 

±3.12 

V 

Output Current 

±8 



mA 

Output Impedance 


0.1 


a 

Short Circuit Duration 

Current Output Configuration 


Indefinite to Common 



Bipolar Range (±30%) 


±1.0 


mA 

Output Impedance (±30%) 


1.7 


kO 

POWER SUPPLY 





Voltage 





+V L and +V S 

4.75 


5.25 

V 

-V s 

-5.25 


-4.75 

V 

TEMPERATURE RANGE 





Specification 

0 

+25 

+70 

°c 

Operation 

-25 


+70 

°c 

Storage 

-60 


+ 100 



°c 

WARMUP TIME 

1 i 

min 


Specifications subject to change without notice. 




ADI 851 Functional Block Diagram 


ADI 861 Functional Block Diagram 
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ADI 851/ADI 861 



Min 

Typ 

Max 

Units 

RESOLUTION 

16 

Bits 

TOTAL HARMONIC DISTORTION + NOISE 





0 dB, 990.5 Hz 





AD1851N-J, R-J 


0.003 

0.004 

% 

AD1851N, R 
-20 dB, 990.5 Hz 


0.004 

0.008 

% 

AD1851N-J, R-J 


0.009 

0.016 

% 

AD1851N, R 
-60 dB, 990.5 Hz 


0.009 

0.040 

% 

AD1851N-J, R-J 


0.9 

1.6 

% 

AD1851N, R 


0.9 

4.0 

% 

D-RANGE* (With A-Weight Filter) 





-60 dB, 990.5 Hz AD1851N, R 

88 



dB 

AD185IN-J, R-J 

96 



dB 

SIGNAL-TO-NOISE RATIO 

107 

110 


dB 

MAXIMUM CLOCK INPUT FREQUENCY 

!2.5 

MHz 

ACCURACY 





Differential Linearity Error 


±0.001 


% of FSR 

MONOTONICITY 

14 

Bits 

POWER SUPPLY 





Current 





+1 


10.0 

13.0 

mA 

-I 


-10.0 

-15.0 

mA 

Power Dissipation 


100 


mW 


ADI 861 



Min 

Typ 

Max 

Units 

RESOLUTION 

L _ _ . _ 18 J 

Bits 

TOTAL HARMONIC DISTORTION + NOISE 





0 dB, 990.5 Hz 





AD1861N-J, R-J 


0.003 

0.004 

% 

AD1861N, R 
-20 dB, 990.5 Hz 


0.004 

0.008 

% 

AD1861N-J, R-J 


0.009 

0.016 

% 

AD1861N, R 
-60 dB, 990.5 Hz 


0.009 

0.040 

% 

AD1861N-J, R-J 


0.9 

1.6 

% 

AD1861N, R 


0.9 

4.0 

% 

D-RANGE* (With A-Weight Filter) 





-60 dB, 990.5 Hz AD1861N, R 

88 



dB 

AD186IN-J, R-J 

96 



dB 

SIGNAL-TO-NOISE RATIO 

107 

110 


dB 

MAXIMUM CLOCK INPUT FREQUENCY 

13.5 

MHz 

ACCURACY 





Differential Linearity Error 


±0.001 


% of FSR 

MONOTONICITY 

15 

Bits 

POWER SUPPLY 





Current 





+ 1 


10.0 

13.0 

mA 

-I 


-10.0 

-15.0 

mA 

Power Dissipation 


100 


mW 


^Tested in accordance with EIAJ Test Standard CP-307. 
Specifications subject to change without notice. 
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ADI 851/ADI 861 


ABSOLUTE MAXIMUM RATINGS* 

V L to DGND 0 V to 6.50 V 

V s to AGND 0 V to 6.50 V 

-V s to AGND -6.50 V to 0 V 

Digital Inputs to DGND -0.3 V to V L 

AGND to DGND ±0.3 V 

Short Circuit Indefinite Short to Ground 

Soldering +300°C, 10 sec 

Storage Temperature -60°C to + 100°C 

♦Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


PIN ASSIGNMENTS 


1 

-V s 

ANALOG NEGATIVE POWER SUPPLY 

2 

DGND 

LOGIC GROUND 

3 

v L 

LOGIC POSITIVE POWER SUPPLY 

4 

NC 

NO CONNECTION 

5 

CLK 

CLOCK INPUT 

6 

LE 

LATCH ENABLE INPUT 

7 

DATA 

SERIAL DATA INPUT 

8 

NC 

NO INTERNAL CONNECTION* 

9 

VoUT 

VOLTAGE OUTPUT 

10 

Rp 

FEEDBACK RESISTOR 

11 

SJ 

SUMMING JUNCTION 

12 

AGND 

ANALOG GROUND 

13 

*OUT 

CURRENT OUTPUT 

14 

MSB ADJ 

MSB ADJUSTMENT TERMINAL 

15 

TRIM 

MSB TRIMMING POTENTIOMETER TERMINAL 

16 

V s 

ANALOG POSITIVE POWER SUPPLY 


•PIN 8 HAS NO INTERNAL CONNECTION; -V L FROM AD1856 OR AD1860 
SOCKET CAN BE SAFELY APPLIED. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 



ORDERING GUIDE 


Model 

Resolution 

THD+N 

Package 

Option* 

AD1851N 

16 Bits 

0.008% 

N-16 

AD1851N-J 

16 Bits 

0.004% 

N-16 

AD1851R 

16 Bits 

0.008% 

R-16A 

AD1851R-J 

16 Bits 

0.004% 

R-16A 

AD1861N 

18 Bits 

0.008% 

N-16 

AD1861N-J 

18 Bits 

0.004% 

N-16 

AD1861R 

18 Bits 

0.008% 

R-16A 

AD1861R-J 

18 Bits 

0.004% 

R-16A 


*N = Plastic DIP Package; R = Small Outline (SOIC) Package. 
For outline information see Package Information section. 


Typical Performance 
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TOTAL HARMONIC DISTORTION 

Total harmonic distortion plus noise (THD+N) is defined as 
the ratio of the square root of the sum of the squares of the val- 
ues of the first 19 harmonics and noise to the value of the fun- 
damental input frequency. It is usually expressed in percent 

(%)• 

THD+N is a measure of the magnitude and distribution of lin- 
earity error, differential linearity error, quantization error and 
noise. The distribution of these errors may be different, depend- 
ing on the amplitude of the output signal. Therefore, to be most 
useful, THD + N should be specified for both large (0 dB) and 
small signal amplitudes (-20 dB and -60 dB). 

The THD+N figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. This specification, therefore, provides a 
direct method to classify and choose an audio DAC for a desired 
level of performance. 

SETTLING TIME 

Settling time is the time required for the output of the DAC to 
reach and remain within a specified error band about its final 
value, measured from the digital input transition. It is a primary 
measure of dynamic performance. 

MIDSCALE ERROR 

Midscale error, or bipolar zero error, is the deviation of the ac- 
tual analog output from the ideal output (0 V) when the 2 s com- 
plement input code representing half scale is loaded in the input 
register. 

D-RANGE DISTORTION 

D-range distortion is equal to the value of the total harmonic 
distortion + noise (THD+N) plus 60 dB when a signal level of 
-60 dB below full scale is reproduced. D-range is tested with a 
1 kHz input sine wave. This is measured with a standard A- 
weight filter as specified by EIAJ Standard CP-307. 

SIGNAL-TO-NOISE RATIO 

The signal-to-noise ratio (SNR) is defined as the ratio of the am- 
plitude of the output when a full-scale output is present to the 
amplitude of the output with no signal present. This is mea- 
sured with a standard A-weight filter as specified by EIAJ 
Standard CP-307. 


Rf 



Figure 7. AD1851/AD1861 Functional Block Diagram 

FUNCTIONAL DESCRIPTION 

The AD1851/AD1861 is a complete monolithic PCM audio 
DAC. No additional external components are required for oper- 
ation. As shown in Figure 1 above, each chip contains a voltage 
reference, an output amplifier, a DAC, an input latch and a par- 
allel input register. 

The voltage reference consists of a bandgap circuit and buffer 
amplifier. This combination of elements produces a reference 
voltage that is unaffected by changes in temperature and age. 
The DAC output voltage, which is derived from the reference 
voltage, is also unaffected by these environmental changes. 

The output amplifier uses both MOS and bipolar devices to pro- 
duce low offset, high slew rate and optimum settling time. 

When combined with the on-chip feedback resistor, the output 
op amp converts the output current of the AD1851/ADI861 to a 
voltage output. 

The DAC uses a combination of segmented decoder and R-2R 
architecture to achieve consistent linearity and differential 
linearity. The resistors which form the ladder structure are fab- 
ricated with silicon chromium thin film. Laser-trimming of 
these resistors further reduces linearity error, resulting in low 
output distortion. 

The input register and serial-to-parallel converter are fabri- 
cated with CMOS logic gates. These gates allow the achievement 
of fast switching speeds and low power consumption. This 
contributes to the overall low power dissipation of the 
AD1851/AD1861. 
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Analog Circuit Considerations 

GROUNDING RECOMMENDATIONS 

The AD 185 1/AD 1861 has two ground pins, designated Analog 
and Digital ground. The analog ground pin is the “high qual- 
ity” ground reference point for the device. The analog ground 
pin should be connected to the analog common point in the 
system. The output load should also be connected to that same 
point. 

The digital ground pin returns ground current from the digital 
logic portions of the AD1851/AD1861 circuitry. This pin should 
be connected to the digital common point in the system. 

As illustrated in Figure 2, the analog and digital grounds should 
be connected together at one point in the system. 


+5V +5V 



Figure 2. Recommended Circuit Schematic 


POWER SUPPLIES AND DECOUPLING 

The AD1851/AD1861 has three power supply input pins. The 
±V S supplies provide the supply voltages to operate the linear 
portions of the DAC including the voltage reference, output am- 
plifier and control amplifier. The ±V S supplies are designed to 
operate at ±5 V. 

The +V L supply operates the digital portions of the chip includ- 
ing the input shift register and the input latching circuitry. The 
+V L supply is designed to operate at +5 V. 

Decoupling capacitors should be used on all power supply pins. 
Furthermore, good engineering practice suggests that these ca- 
pacitors be placed as close as possible to the package pins as 
well as to the common points. The logic supply, +V L , should 
be decoupled to digital common, while the analog supplies, 

±V S , should be decoupled to analog common. 

The use of three separate power supplies will reduce feed- 
through from the digital portion of the system to the linear por- 
tion of the system, thus contributing to improved performance. 


However, three separate voltage supplies are not necessary for 
good circuit performance. For example, Figure 3 illustrates a 
system where only a single positive and a single negative supply 
are available. 

In this example, the positive logic and positive analog supplies 
must both be connected to +5 V, while the negative analog sup- 
ply will be connected to -5 V. Performance would benefit from 
a measure of isolation between the supplies introduced by using 
simple low pass filters in the individual power supply leads. 


+5V 



Figure 3. Alternate Recommended Schematic 

As with most linear circuits, changes in the power supplies will 
affect the output of the DAC. Analog Devices recommends that 
well regulated power supplies with less than 1% ripple be incor- 
porated into the design of any system using the AD 1851/ 
AD1861. 

OPTIONAL MSB ADJUSTMENT 

Use of an optional adjustment circuit allows residual differential 
linearity error around midscale to be eliminated. This error is 
especially important when low amplitude signals are being re- 
produced. In those cases, as the signal amplitude decreases, the 
ratio of the midscale differential linearity error to the signal am- 
plitude increases, thereby increasing THD. 

Therefore, for best performance at low output levels, the op- 
tional MSB adjust circuitry shown in Figure 4 may be used to 
improve performance. The adjustment should be made with a 
small signal input (-20 dB or -60 dB). 



MSB 

ADJUST 


Figure 4. Optional THD Adjust Circuit 


5-8 AUDIO D/A CONVERTERS 


REV. A 


ADI 851/ADI 861 


AD1851 DIGITAL CIRCUIT CONSIDERATIONS 
AD1851 Input Data 

Data is transmitted to the AD 1851 in a bit stream composed of 
16-bit words with a serial, MSB first format. Three signals must 
be present to achieve proper operation. They are the Data, 

Clock and Latch Enable (LE) signals. Input data bits are 
clocked into the input register on the rising edge of the Clock 
signal. The LSB is clocked in on the 16th clock pulse. When all 
data bits are loaded, a low-going Latch Enable pulse updates the 
DAC input. Figure 5 illustrates the general signal requirements 
for data transfer to the AD 1851. 


AD1861 DIGITAL CIRCUIT CONSIDERATIONS 
AD1861 Input Data 

Data is transmitted to the AD 1861 in a bit stream composed of 
18-bit words with a serial, MSB first format. Three signals must 
be present to achieve proper operation. They are the Data, 

Clock and Latch Enable (LE) signals. Input data bits are 
clocked into the input register on the rising edge of the Clock 
signal. The LSB is clocked in on the 18th clock pulse. When all 
data bits are loaded, a low-going Latch Enable pulse updates the 
DAC input. Figure 7 illustrates the general signal requirements 
for data transfer to the AD 1861. 


o-ock mniuwiimjinjirLJiJWL 

-- 11)000000000 



clock 
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Figure 5. Signal Requirements for ADI 851 

Figure 6 illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished prop- 
erly. The input pins of the AD 1851 are both TTL and 5 V 
CMOS compatible. The input requirements illustrated in Fig- 
ures 5 and 6 are compatible with data outputs provided by pop- 
ular DSP filter chips used in digital audio playback systems. 
The AD1851 input clock can run at a 12.5 MHz rate. This 
clock rate will allow data transfer rates for 2 x , 4 x or 8 x or 
16 x oversampling reconstructions. 


Figure 7. Signal Requirements for ADI 861 

Figure 8 illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished prop- 
erly. The input pins of the AD 1861 are both TTL and 5 V 
CMOS compatible. The input requirements illustrated in Fig- 
ures 7 and 8 are compatible with data outputs provided by pop- 
ular DSP filter chips used in digital audio playback systems. 
The AD 1861 input clock can run at a 13.5 MHz rate. This 
clock rate will allow data transfer rates for 2x, 4x or 8x or 
16 x oversampling reconstructions. 




Figure 6. Timing Relationships of ADI 851 Input Signals Figure 8. Timing Relationships of AD1861 Input Signals 
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APPLICATIONS 

Figures 9 through 12 show connection diagrams for the AD 1851 
and AD 1861 and the Yamaha YM3434 and the NPC 
SM5813AP/APT digital filter chips. 



Figure 9. ADI 851 with Yamaha YM3434 Digital Filter 



Figure 10. ADI 861 with Yamaha YM3434 Digital Filter 
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Figure 11. AD1851 with NPC SM5813AP/APT Digital Filter 



Figure 12. AD1861 with NPC SM5813AP/APT Digital Filter 
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□ ANALOG 
DEVICES 


ADI 856 


16-Bit 
PCM Audio DAC 


FEATURES 

0.0025% THD 

Fast Settling Permits 2x, 4x or 8x Oversampling 
±3V Output 

Optional Trim Allows Superlinear Performance 
±5V to ±12V Operation 
16-Pin Plastic DIP or SOIC Package 
Serial Input 

APPLICATIONS 
Compact Disc Players 
Digital Audio Amplifiers 
DAT Recorders and Players 
Synthesizers and Keyboards 


BLOCK DIAGRAM 


Rf 



PRODUCT DESCRIPTION 

The AD1856 is a monolithic 16-bit PCM Audio DAC. Each de- 
vice provides a voltage output amplifier, 16-bit DAC, 16-bit 
serial-to-parallel input register and voltage reference. The digital 
portion of the AD 1856 is fabricated with CMOS logic elements 
that are provided by Analog Devices’ BiMOS II process. The 
analog portion of the AD 1856 is fabricated with bipolar and 
MOS devices as well as thin film resistors. 

This combination of circuit elements, as well as careful design 
and layout techniques, results in high performance audio play- 
back. Laser trimming of the linearity error affords extremely 
low total harmonic distortion. An optional linearity trim pin is 
provided to allow residual differential linearity error at midscale 
to be eliminated. This feature is particularly valuable for low 
distortion reconstructions of low amplitude signals. Output 
glitch is also small contributing to the overall high level of per- 
formance. The output amplifier achieves fast settling and high 
slew rates, providing a full ±3V signal at load currents up to 
8mA. The output amplifier is short circuit protected and can 
withstand indefinite shorts to ground. 

The serial input interface consists of the clock, data and latch 
enable pins. The serial 2s complement data word is clocked into 
the DAC, MSB first, by the external data clock. The latch en- 
able signal transfers the input word from the internal serial in- 
put register to the parallel DAC input register. The input clock 
can support a 10MHz clock rate. This serial input port is com- 
patible with popular digital filter chips used in consumer audio 
products. These filters operate at oversampling rates of 2x, 4x 
and 8x sampling frequency. 


The AD1856 can operate with ±5V to ±12V power supplies 
making it suitable for both the portable and home-use markets. 
The digital supplies, V L and -V L , can be separated from the 
analog supplies, V s and -V s , for reduced digital crosstalk. Sep- 
arate analog and digital ground pins are also provided. 

Power dissipation is HOmW typical with ±5V supplies and is a 
typical 300m W when ±12V supplies are used. 

The AD 1856 is packaged in a 16-pin plastic DIP or SOIC pack- 
age and incorporates the industry-standard pinout. Operation is 
guaranteed over the temperature range of -25°C to +70°C and 
over the voltage supply range of ±4.75 to ± 13.2V. 

PRODUCT HIGHLIGHTS 

1. Total harmonic distortion is 100% tested. 

2. MSB trim feature allows superlinear operation. 

3. The AD1856 operates with ±5V to ±12V supplies. 

4. Serial interface is compatible with digital filter chips. 

5. 1.5|as settling time permits 2x, 4x and 8x oversampling. 

6. No external components are required. 

7. 96dB dynamic range. 

8. ±3V or ±lmA output capability. 

9. 16-bit resolution. 

10. 2s complement serial input words. 

1 1 . Low cost. 

12. 16-pin plastic DIP or SOIC package. 
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AD1856— SPECIFICATIONS 


(typical at T A = +25°C and ±5V supplies unless otherwise noted) 



Min 

Typ 

Max 

Units 

RESOLUTION 

1 16 | 

Bits 

DIGITAL INPUTS 

v IH 

2.4 


V L 

V 


V IL 

0 


0.8 

V 


Ii Hj V ih = V l 



1.0 

|aA 


Iil,V il = 0.4 



-10 

m-A 

Clock Input Frequency 


10 



MHz 

ACCURACY 






Gain Error 



±2.0 


% 

Bipolar Zero Error 



±30 


mV 

Differential Linearity Error 



±0.001 


% of FSR 

Noise (rms, 20Hz to 20kHz) (a Bipolar Zero 


6 



TOTAL HARMONIC DISTORTION 





OdB, 990.5Hz 

AD1856N-K, R-K 


0.002 

0.0025 

% 


AD1856N-J, R-J 


0.002 

0.004 

% 


AD1856N, R 


0.002 

0.008 

% 

-20dB, 990.5Hz 

AD1856N-K, R-K 


0.018 

0.020 

% 


AD1856N-J, R-J 


0.018 

0.040 

% 


AD1856N, R 


0.018 

0.040 

% 

-60dB, 990.5Hz 

AD1856N-K, R-K 


1.8 

2.0 

% 


AD1856N-J, R-J 


1.8 

4.0 

% 


AD1856N, R 


1.8 

4.0 

% 

MONOTONICITY j 

15 ! 

Bits 

DRIFT (0 to +70°C) 






Total Drift 



±25 


ppm of FSR/°C 

Bipolar Zero Drift 



±4 


ppm of FSR/°C 

SETTLING TIME (to ±0.006% of FSR) | 





Voltage Output 

6V Step 


1.5 


(IS 


1LSB Step 


1.0 


(IS 


Slew Rate 


9 


V/(JLS 

Current Output 

1mA Step 10a to 100H Load 


350 


ns 


lkfl Load 


350 


ns 

WARM-UP TIME 

1 

min 

OUTPUT 






Voltage Output Configuration 






Bipolar Range 



±3 


V 

Output Current 


±8 



mA 

Output Impedance 



0.1 


a 

Short Circuit Duration 



Indefinite to Common 



Current Output Configuration 






Bipolar Range (±30%) 



1.0 


mA 

Output Impedance (±30%) 



1.7 


ka 

POWER SUPPLY 






Voltage, +V L and +V S 


4.75 

5 

13.2 

V 

Voltage, -V L and -V s 


-13.2 

-5 

-4.75 

V 

Current, +1, V L and V s = +5V, 10MHz Clock 


10 

15 

mA 

Current, -I, -V L and -V s = 

-5V, 10MHz Clock 


-12 

-15 

mA 

Current, +1, V L and V s = + 12V, 10MHz Clock 


12 


mA 

Current, -I, -V L and -V s = 

= -12V, 10MHz Clock 


-15 


mA 

POWER DISSIPATION 






V s and V L = ±5V, 10MHz Clock 


110 

150 

mW 

V s and V L = ±12V, 10MHz Clock 


135 


mW 

TEMPERATURE RANGE 






Specification 


0 


+70 

°C 

Operation 


-25 


+ 70 

°C 

Storage 


-60 


+ 100 

°C 


Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final test. 
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ABSOLUTE MAXIMUM RATINGS* 

V L to DGND 0 to 13.2V 

V s to AGND Oto 13.2V 

-V L to DGND -13.2 to OV 

-V s to AGND -13.2 to OV 

Digital Inputs to DGND -0.3 to V! 

AGND to DGND ±0.3V 

Short Circuit Protection Indefinite Short to Ground 


CONNECTION DIAGRAM 



Soldering +300°C, lOsec 

Storage Temperature -60°C to +T00°C 

^Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


PIN DESIGNATIONS 


Pin 

Function 

Description 

1 

-V s 

Analog Negative Power Supply 

2 

DGND 

Digital Ground 

3 

Vi 

Logic Positive Power Supply 

4 

NC 

No Connection 

5 

CLK 

Data Clock Input 

6 

LE 

Latch Enable Input 

7 

DATA 

Serial Data Input 

8 

-v L 

Logic Negative Power Supply 

9 

VoUT 

Voltage Output 

10 

R F 

Feedback Resistor 

11 

SJ 

Summing Junction 

12 

AGND 

Analog Ground 

13 

loUT 

Current Output 

14 

MSB ADJ 

MSB Adjustment Terminal 

15 

TRIM 

MSB Trimming Potentiometer Terminal 

16 

V s 

Analog Positive Power Supply 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


WARNING! ^<1 



Definition of Specifications 


TOTAL HARMONIC DISTORTION 

Total Harmonic Distortion (THD) is defined as the ratio of the 
square root of the sum of the squares of the values of the har- 
monics to the value of the fundamental input frequency. It is 
expressed in percent (%) or decibels (dB). 

THD is a measure of the magnitude and distribution of linearity 
error and differential linearity error. The distribution of these 
errors may be different, depending on the amplitude of the out- 
put signal. Therefore, to be most useful, THD should be speci- 
fied for both large and small signal amplitudes. 

SETTLING TIME 

Settling Time is the time required for the output to reach and 
remain within a specified error band about its final value, meas- 
ured from the digital input transition. It is the primary measure 
of dynamic performance. 

DYNAMIC RANGE 

Dynamic Range is the specification that indicates the ratio of the 
smallest signal the converter can resolve to the largest signal it is 
able to produce. As a ratio, it is usually expressed in decibels 


(dB). The theoretical dynamic range of an n-bit converter is ap- 
proximately (6xn) dB. In the case of the 16-bit AD1856, that is 
96dB. The actual dynamic range of a converter is less than the 
theoretical value due to limitations imposed by noise and quanti- 
zation and other errors. 

BIPOLAR ZERO ERROR 

Bipolar Zero Error is the deviation in the actual analog output 
from the ideal output (OV) when the 2s complement input code 
representing half scale (all Os) is loaded in the input register. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error is the measure of the variation in 
analog value, normalized to full scale, associated with a 1LSB 
change in the digital input. Monotonic behavior requires that 
the differential linearity error not exceed 1LSB in the negative 
direction. 

MONOTONICITY 

A D/A converter is monotonic if the output either increases or 
remains constant as the digital input increases. 
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FUNCTIONAL DESCRIPTION 

The AD 1856 is a complete, monolithic 16-bit PCM audio DAC. 
No additional external components are required for operation. 
As shown in the block diagram, each chip contains a voltage 
reference, an output amplifier, a 16-bit DAC, a 16-bit input 
latch and a 16-bit serial-to-parallel input register. 

The voltage reference consists of a bandgap circuit and buffer 
amplifier. This circuitry produces an output voltage that is 
stable over time and temperature changes. 

The 16-bit D/A converter uses a combination of segmented de- 
coder and R-2R architectures to achieve consistent linearity and 
differential linearity. The resistors which form the ladder struc- 
ture are fabricated with silicon-chromium thin film. Laser trim- 
ming of these resistors further reduces linearity error 
resulting in low output distortion. 

The output amplifier uses both MOS and bipolar devices to 
produce low offset, high slew-rate and optimum settling time. 
When combined with the on-board feedback resistor, the output 
op amp can convert the output current of the AD 1856 to a volt- 
age output. 

ANALOG CIRCUIT CONSIDERATIONS 

GROUNDING RECOMMENDATIONS 

The AD 1856 has two ground pins, designated ANALOG and 
DIGITAL ground. The analog ground pin is the “high quality” 
ground reference point for the device. The analog ground pin 
should be connected to the analog common point in the system. 
The output load should also be connected to that same point. 

The digital ground pin returns ground current from the digital 
logic portions of the AD 1856 circuitry. This pin should be con- 
nected to the digital common point in the system. 

As illustrated in Figure 1, the analog and digital grounds should 
be connected together at one point in the system. 


+5V +5V 



Figure 1. Recommended Circuit Schematic 


POWER SUPPLIES AND DECOUPLING 

The AD 1856 has four power supply input pins. ±V S provide 
the supply voltages to operate the linear portions of the DAC 
including the voltage reference, output amplifier and control 
amplifier. The ±V S supplies are designed to operate from ±5V 
to ±12V. 

The ±V L supplies operate the digital portions of the chip in- 
cluding the input shift register and the input latching circuitry. 


The ±V L supplies are also designed to operate from ±5V to 
±12V subject only to the limitation that -V L may not be more 
negative than -V s . 

Decoupling capacitors should be used on all power supply pins. 
Furthermore, good engineering practice suggests that these ca- 
pacitors be placed as close as possible to the package pins as 
well as the common points. The logic supplies, ±V L , should be 
decoupled to digital common; and the analog supplies, ±V S , 
should be decoupled to analog common. 

The use of four separate power supplies will reduce feedthrough 
from the digital portion of the system to the linear portions of 
the system, thus contributing to good performance. However, 


+ 5V 



Figure 2. Alternate Recommended Schematic 


four separate voltage supplies are not necessary for good circuit 
performance. For example, Figure 2 illustrates a system where 
only a single positive and a single negative supply are available. 
Given that these two supplies are within the range of ±5V to 
±12V, they may be used to power the AD1856. In this case, the 
positive logic and positive analog supplies may both be con- 
nected to the single positive supply. The negative logic and 
negative analog supplies may both be connected to the single 
negative supply. Performance would benefit from a measure of 
isolation between the supplies introduced by using simple low- 
pass filters in the individual power supply leads. 

As with most linear circuits, changes in the power supplies will 
affect the output of the DAC. Analog Devices recommends that 
well regulated power supplies with less than 1% ripple be incor- 
porated into the design of any system using these devices. 

TOTAL HARMONIC DISTORTION 

The THD figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. The THD specification, therefore, pro- 
vides a direct method to classify and choose an audio DAC for a 
desired level of performance. 

Analog Devices tests and grades all AD 1856s on the basis of 
THD performance. A block diagram of the test setup is shown 
in Figure 3. In this test setup, a digital data stream, represent- 
ing a Odb, -20dB or -60dB sine wave is sent to the device un- 
der test. The frequency of this waveform is 990.5Hz. Input data 
is sent to the AD 1856 at a 4xF s rate (176.4kHz). The AD 1856 
under test produces an analog output signal with the on-board 
op amp. 
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Figure 3. Block Diagram of Distortion Test Circuit 


The automatic test equipment digitizes 4096 samples of the out- 
put test waveform, incorporating 23 complete cycles of the sine 
wave. A 4096 point FFT is performed on the results of the test. 
Based on the first 9 harmonics of the fundamental 990.5Hz out- 
put wave, the total harmonic distortion of the device is calcu- 
lated. Neither a deglitcher nor an MSB trim is used during the 
THD test. 

The circuit design, layout and manufacturing techniques em- 
ployed in the production of the AD 1856 result in excellent 
THD performance. Figure 4 shows the typical unadjusted THD 
performance of the AD 1856 for various amplitudes of a 1kHz 
output signal. As can be seen, the AD 1856 offers excellent per- 
formance, even at amplitudes as low as -60dB. Figure 5 illus- 
trates the typical THD vs. frequency performance. 



NOTE 

OdB=FULL SCALE 


Figure 4. Typical Unadjusted THD vs. Amplitude 



Figure 5. Typical THD vs. Frequency 
OPTIONAL MSB ADJUSTMENT 

Use of an optional adjustment circuit allows residual differential 
linearity errors around midscale to be eliminated. These errors 
are especially important when low amplitude signals are being 
reproduced. In those cases, as the signal amplitude decreases, 
the ratio of the midscale differential linearity error to the signal 
amplitude increases and THD increases. 

Therefore, for best performance at low output levels, the op- 
tional MSB adjust circuitry shown in Figure 6 may be used. 
This circuit allows the differential linearity error at midscale to 
be zeroed out. However, no adjustments are required to meet 
data sheet specifications. 

TRIM 

MSB ADJ 



Figure 6. Optional THD Adjust Circuit 
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DIGITAL CIRCUIT CONSIDERATIONS 
Input Data 

Data is transmitted to the AD18S6 in a bit stream composed of 
16-bit words with a serial, MSB first format. Three signals must 
be present to achieve proper operation: the Data, Clock and 
Latch Enable signals. Input data bits are clocked into the input 
register on the rising edge of the Clock signal. The LSB is 
clocked in on the 16th clock pulse. When all data bits are 
loaded, a low-going Latch Enable pulse updates the DAC input. 
Figure 7 illustrates the general signal requirements for data 
transfer for the AD1856. 

“-MnJUUUMJMnJlMJ 
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Figure 7. Signal Requirements of ADI 856 

Figure 8 provides the specific timing requirements that must be 
met in order for the data transfer to be accomplished properly. 



The input pins of the AD 1856 are both TTL and 5V CMOS 
compatible, independent of power supply voltages used. 

The input requirements illustrated in Figures 7 and 8 are com- 
patible with the data outputs provided by popular DSP filter 
chips used in digital audio playback systems. The AD 1856 input 
clock can run at a 10MHz rate. This clock rate will allow data 
transfer rates for 2x, 4x or 8x oversampling reconstruction. 
The application section of this data sheet contains additional 
guides for using the AD 1856 with various DSP filter chips avail- 
able from Sony, NPC and Yamaha. 

APPLICATIONS OF THE AD1856 PCM AUDIO DAC 

The AD 1856 is a versatile digital-to-analog converter designed 
for applications in consumer digital audio equipment. Portable, 
car and home compact disc player, digital audio-amplifier and 
DAT systems can ail use the AD1856. Various circuit architec- 
tures are popular in these systems. They include stereo playback 
sections featuring one DAC per system, one DAC per audio 
channel (left/right) or even multiple DACs per channel. Further- 
more, these architectures use different output reconstruction 
rates to accomplish these functions including reproduction at the 
sample rate F s (lx), at twice the sample rate (2xF s ), at four 
times the sample rate (4xF s ) and even at eight times the sample 
rate (8xF s ). F s is 44.1kHz for CD and 48kHz for DAT 
applications. 


One DAC per System 

Figure 9 shows a circuit using one AD 1856 per system to repro- 
duce both stereo channels of a typical first generation digital 



Figure 9. ADI 856 in a One DAC per System Architecture 

audio system. The input data is fed to the AD 1856 in a format 
which alternates between left channel data and right channel 
data. The output of the AD 1856 is switched between the left 
channel and right channel output sample/hold amplifiers 
(SHAs). The SHAs demultiplex and deglitch the output of the 
AD 1856. The timing diagram for the control signals for this cir- 
cuit is shown in Figure 10. 

The architecture illustrated in Figure 9 is suitable for low-end 
home or portable systems. However, its usefulness in mid- or 
high-end digital audio reproduction is limited by the phase delay 
which is introduced in the multiplexed output. This phase delay 
is due to the fact that the information contained in the input bit 
stream represents left and right channel audio sampled simulta- 
neously but reconstructed alternately. One obvious solution to 
this problem may be arrived at by incorporating a third, nonin- 
verting SHA to delay the output of one channel to “catch up 
to” the other channel. This eliminates the phase shift by restor- 
ing simultaneous reproduction. This solution is illustrated in 
Figure 11. 
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Figure 10. Control Signals for One DAC Circuit 



Figure 1 1. Third SHA Eliminates Phase Delay 
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Figure 12. One DAC per Channel Architecture 

One DAC per Channel 

Another approach used to eliminate phase delay between left 
and right channels employs one DAC per channel. In this archi- 
tecture, the input data bit streams for the left channel and the 
right channel are simultaneously sent and latched into each 
DAC. This “second generation” approach, shown in Figure 12, 
is suitable for higher performance digital-audio playback units. 

Two DACs per Channel (Four DAC System) 

Another architecture uses two DACs per channel. In this 
scheme, shown in Figure 13, each DAC reproduces one half of 
the output waveform. The advantage obtained is that midscale 
differential linearity error no longer effects the zero-crossing 
points of the waveforms. Its effects are shifted to the points 
where the output waveform crosses ±3/4 full scale. The result is 
that THD performance for low amplitude signals is greatly 
improved. Not shown in Figure 13 is a VLSI circuit required to 
separate the incoming data into the appropriate form required 
by each DAC. 



Figure 13. Two DACs per Channel Eliminate Midscale 
Distortion from the Zero-Crossing Points 


When a 44.1kHz reconstruction frequency is used, the actual 
frequency band of interest is 20Hz to 20kHz, and the band of 
unwanted “image” frequency components extends from 
44.1kHz to approximately 24kHz and from 44.1kHz to 64kHz. 
These unwanted components must be removed with a low-pass 
filter of very high order. First generation digital audio systems 
often use low-pass filters of 9, 11 and even 13 poles. Linear 
implementations of these filters are expensive, difficult to manu- 
facture and can produce distortion due to varying group delay 
characteristics. 

When a 2x reconstruction frequency (88.2kHz) is used, the 
lowest unwanted frequency components now extend down to 
approximately 68kHz. A 4x rate (176.4kHz) has unwanted 
components extending down to approximately 156kHz. The fil- 
ter response needed to remove these frequency components can 
now be less steep. This means that a lower order filter may be 
used resulting in less distortion at lower cost. Linear filters with 
3 or 5 poles are adequate to do the job and are quite common in 
digital audio products employing oversampling techniques. 

Oversampling techniques require that the serial input data 
stream run at the same integral multiple of the original data 
rate. So, while the constraints on the output low-pass filter are 
eased, the constraints on the serial digital input port and the 
settling time of the output stage are not. 

The actual oversampling operation takes place in the digital fil- 
ter chip which is located “upstream” from the DAC. The digital 
filter accepts data from the media and adds the additional recon- 
struction points according to the algorithm and coefficients 
stored in the filter chip. Since the digital filters actually interpo- 
late these additional reconstruction points, they have earned the 
name “interpolation filters.” 

The AD 1856 is compatible with popular digital filter chips used 
in digital audio products such as the NPC SM5807, NPC 
SM5805, Yamaha YM3414, and Sony CXD1136. 



Figure 14. NPC SM5807 and ADI 856 Interface 


DIGITAL FILTERING AND OVERSAMPLING 

Oversampling is a term which refers to playback techniques in 
which the reconstruction frequency used is an integral (2 or 
more) multiple of the original quantized data rate. For example, 
in compact disc stereo digital audio playback units, the original 
quantized data sample rate is 44.1kHz. Popular oversampling 
rates are 2x or 4x F s yielding reconstruction rates of 88.2 and 
176.4kHz, respectively. 

Oversampling is used to ease the performance constraints of the 
low-pass filters which usually follow the reconstruction DAC. In 
any signal reconstructed from sampled data, unwanted 
frequency components are introduced in the output spectrum; 
these components are centered at the reconstruction frequency. 


DUAL DAC, 4x F s OVERSAMPLING ARCHITECTURE 

Figure 14 illustrates the use of an NPC digital filter chip with 
two AD 1856 audio DACs. This scheme achieves four times 
oversampling reconstruction with a dedicated DAC per channel. 
In this example of a typical compact disc player application, the 
digital filter chip accepts serial input words from the digital 
decoder/processor at a 44. 1kHz sample rate. Through the use of 
oversampling, the SM5807 transmits data to the two DACs at a 
176.4kHz rate. The serial DAC input data is sent out of the 
DOUT pin to the serial inputs of the DACs. Left channel and 
right channel data are sent alternat ely dow n the same wire. The 
Left/Right Channel Output signal, LRCO and two logic gates 
demultiplex the data clock signals from BCKO. In this example, 
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the BC KO ra te is 192 xF s . However, a 196 xF s clock can be 
used if SCSL is wired to a logic zero. Finally, left and right 
channel deglitching signals are provided. At the user’s option, 
these signals may be used to control external sample-hold ampli- 
fiers in order to obtain optimal performance. 

ACHIEVING 8x F s OVERSAMPLING WITH AD1856S 
AND YAMAHA YM3414 

Figure 15 illustrates the combination of a Yamaha YM3414 digi- 
tal filter chip and two AD 1856 audio DACs. In this scheme, the 
use of a 16. 9344MHz clock allows an 8 times oversampling rate 
for extremely high performance. In addition, a lower-order low- 
pass filter may be used without sacrificing performance. The 
DAC input data is simultaneously transmitted to the input regis- 


ters of the DACs through dedicated left and right channel out- 
put pins on the YM3414. As before, optional sample/hold 
signals are provided. 



Figure 15. Yamaha YM341 4 and ADI 856 Interface 


ORDERING GUIDE 


Model 

THD @ FS 

Package Option* 

AD1856N, R 

0.008% 

N-16, R-16A 

AD1856N-J, R-J 

0.004% 

N-16, R-16A 

AD1856N-K, R-K 

0.0025% 

N-16, R-16A 


*N = Plastic DIP; R = Small Outline IC. For outline information see 
Package Information section. 
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ANALOG 

DEVICES 


18-Bit 
PCM Audio DAC 


ADI 860 


FEATURES 

0.002% THD + Noise 

Fast Settling Permits 8x Oversampling 

±3V Output 

Optional Trim Allows Superlinear Performance 
±5V to ±12V Operation 
16-Pin Plastic DIP and SOIC Packages 
Industry Standard Pinout 
2s Complement, Serial Input 

APPLICATIONS 

High End Compact Disc Players 
Digital Audio Amplifiers 
DAT Recorders and Players 
Synthesizers and Keyboards 

PRODUCT DESCRIPTION 

The AD 1860 is a monolithic 18 -bit PCM Audio DAC. Each de- 
vice provides a voltage output amplifier, 18-bit DAC, 18-bit se- 
rial to parallel input register and voltage reference. The digital 
portion of the AD 1860 is fabricated with CMOS logic elements 
that are provided by Analog Devices’ BiMOS II process. The 
analog portion of the AD 1860 is fabricated with bipolar and 
MOS devices as well as thin film resistors. 

This combination of circuit elements, as well as careful design 
and layout techniques, results in high performance audio play- 
back. Laser trimming of the linearity error affords extremely 
low total harmonic distortion. An optional linearity trim pin is 
provided to allow residual differential linearity error at midscale 
to be eliminated. This feature is particularly valuable for low 
distortion reproductions of low amplitude signals. Output glitch 
is also small contributing to the overall high level of perfor- 
mance. The output amplifier achieves fast settling and high slew 
rates, providing a full ±3V signal at load currents up to 8mA. 
When used in current output mode, the AD 1860 provides a 
±lmA output sigpal. The output amplifier is short circuit pro- 
tected and can withstand indefinite shorts to ground. 

The serial input interface consists of the clock, data and latch 
enable pins. The serial 2s complement data word is clocked into 
the DAC, MSB first, by the external data clock. The latch en- 
able signal transfers the input word from the internal serial in- 
put register to the parallel DAC input register. The input clock 
can support a 12.5MHz data rate. This serial input port is com- 
patible with second generation digital filter chips used in con- 
sumer audio products. These filters operate at oversampling 
rates of 2x, 4x and 8x sampling frequencies. 


FUNCTIONAL BLOCK DIAGRAM 



The AD 1860 can operate with ±5V to ±12V power supplies 
making it suitable for both the portable and home use markets. 
The digital supplies, V L and — V L , can be separated from the 
analog supplies, V s and -V s , for reduced digital crosstalk. 
Separate analog and digital ground pins are also provided. 

Power dissipation is llOmW typical with ±5V supplies and is 
225mW typical when +5V/-12V supplies are used. 

The AD 1860 is available in either a 16-pin plastic DIP or a 16- 
pin plastic SOIC surface mount package. Operation is guaran- 
teed over the temperature range of -25°C to +70°C and over 
the voltage supply range of ±4.75 to ± 13.2V. 

PRODUCT HIGHLIGHTS 

1. 18-bit resolution provides 108dB dynamic range. 

2. No external components are required. 

3. Operates with ±5V to ±12V supplies. 

4. 16-pin DIP or space saving SOIC package. 

5. llOmW power dissipation. 

6. 1.5jjls settling time permits 2x, 4x and 8x oversampling. 

7. ±3V or ± 1mA output capability. 

8. THD + Noise is 100% tested. 
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ADI 860— SPECIFICATIONS 


(T a at +25°C and ±5V supplies unless otherwise noted) 



Min 

Typ 

Max 

Units 

RESOLUTION 

18 

Bits 

DIGITAL INPUTS V IH 

2.0 


+V L 

V 

v IL 



0.8 

V 

^IHJ V IH = V L 



1.0 

|aA 

© 

II 

> 



-10 

|aA 

Clock Input Frequency 

12.5 



MHz 

ACCURACY 





Gain Error 


±2.0 


% 

Midscale Output Voltage 


±30 


mV 

Differential Linearity Error 


±0.001 


% of FSR 

TOTAL HARMONIC DISTORTION + NOISE 





OdB, 990.5Hz AD1860N-K, R-K 


0.002 

0.0025 

% 

AD1860N-J, R-J 


0.002 

0.004 

% 

AD1860N, R 


0.004 

0.008 

% 

-20dB, 990.5Hz AD1860N-K, R-K 


0.006 

0.020 

% 

AD1860N-J, R-J 


0.010 

0.020 

% 

AD1860N, R 


0.010 

0.040 

% 

-60dB, 990.5Hz AD1860N-K, R-K 


0.9 

2.0 

% 

AD1860N-J, R-J 


0.9 

2.0 

% 

AD1860N, R 


0.9 

4.0 

% 

SIGNAL TO NOISE RATIO (A-Weight Filter) 

102 

108 


dB 

DRIFT (0 to ,+70°C) 





Total Drift 


±25 


ppm of FSR/°C 

Bipolar Zero Drift 


±4 


ppm of FSR/°C 

SETTLING TIME (to ±0.0015% of FSR) 





Voltage Output, 6V Step 


1.5 


M*s 

1LSB Step 


1.0 


|XS 

Slew Rate 


9 


V/p.s 

Current Output 1mA Step 10fl to 100fl Load 


350 


ns 

lkfl Load 


350 


ns 

MONOTONICITY 

r » zn 

Bits 

OUTPUT 





Voltage Output Configuration 





Bipolar Range 

±2.88 

±3.0 

±3.12 

V 

Output Current 

±8 



mA 

Output Impedance 


0.1 


n 

Short Circuit Duration 


Indefinite to Common 



Current Output Configuration 





Bipolar Range (±30%) 


±1.0 


mA 

Output Impedance ( ± 30%) 


1.7 


kfl 

POWER SUPPLY 





Voltage V L and V s 

4.75 


13.2 

V 

Voltage -V L and -V s 

-13.2 


-4.75 

V 

Current + 1, V L and V s = 5V, 10MHz Clock 


10.0 

13.0 

mA 

-I, -V L and -V s = -5V, 10MHz Clock 


12.0 

-15.0 

mA 

Current +1, V L and V s = 12V, 10MHz Clock 


10.5 


mA 

-I, -V L and -V s = - 12V, 10MHz Clock 


13.5 


mA 

Current +1, V L and +V S = +5V, 10MHz Clock 


10 


mA 

-I, -V L and -V s = -12V, 10MHz Clock 


14 


mA 

POWER DISSIPATION 





V s and V L = ±5V, 10MHz Clock 


110 


mW 

V s and V L = ± 12V, 10MHz Clock 


288 


mW 

V s and V L = +5V, -V s and -V L = -12V, 10MHz Clock 


318 


mW 
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Min 

Typ 

Max 

Units 

TEMPERATURE RANGE 

Specification 

0 

+25 

+ 70 

°C 

Operation 

-25 


+ 70 

°C 

Storage 

-60 


+ 100 

°C 

WARMUP TIME 

1 



min 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 


V L to DGND 0 to 13.2V 

V s to AGND 0 to 13.2V 

-V L to DGND -13.2 to OV 

-V s to AGND -13.2 to OV 

Digital Inputs to DGND -0.3 to V L 

AGND to DGND ± 0.3V 


Short Circuit Indefinite Short to Ground 

Soldering + 300°C, lOsec 

Storage Temperature -60°C to +100°C 


Note 

^Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 
















-60dB 
















-20dB 
















__ QdB 










0 10 20 30 40 50 60 70 80 

TEMPERATURE - °C 

THD vs. Temperature 


TYPICAL PERFORMANCE 



2 4 6 8 10 12 

CLOCK FREQUENCY - MHz 


Power Dissipation vs. Clock Frequency 



5 6 7 8 9 10 11 12 

± SUPPLY VOLTAGES 

Power Dissipation vs. Supply Voltages 
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CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 



-v s 

DGND 


V L 


DATA 

-v L 



V s 

TRIM 

MSB ADJ 

•OUT 

AGND 

SJ 

Rf 

Vqut 


Functional Block Diagram 


PIN ASSIGNMENTS 


1 

-V s 

Analog Negative Power Supply 

2 

DGND 

Logic Ground 

3 

v L 

Logic Positive Power Supply 

4 

NC 

No Connection 

5 

CLK 

Data Clock Input 

6 

LE 

Latch Enable Input 

7 

DATA 

Serial Data Input 

8 

-v L 

Logic Negative Power Supply 

9 

VoUT 

Voltage Output 

10 

R F 

Feedback Resistor 

11 

SJ 

Summing Junction 

12 

AGND 

Analog Ground 

13 

loUT 

Current Output 

14 

MSB ADJ 

MSB Adjustment Terminal 

15 

TRIM 

MSB Trimming Potentiometer Terminal 

16 

V s 

Analog Positive Power Supply 


ORDERING GUIDE 


Model 

THD @ FS 

Package Option* 

AD1860N 

0.008% 

N-16 

AD1860R 

0.008% 

R-16A 

AD1860N-J 

0.004% 

N-16 

AD1860R-J 

0.004% 

R-16A 

AD1860N-K 

0.0025% 

N-16 

AD1860R-K 

0.0025% 

R-16A 


*N = Plastic DIP; R = Small Outline IC (Surface Mount Package). For out- 
line information see Package Information section. 
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Definition of Specifications— ADI 860 


TOTAL HARMONIC DISTORTION + NOISE 

Total Harmonic Distortion plus Noise (THD+N) is defined as 
the ratio of the square root of the sum of the squares of the val- 
ues of the harmonics and noise to the value of the fundamental 
input frequency. It is usually expressed in percent (%). 

THD+N is a measure of the magnitude and distribution of lin- 
earity error, differential linearity error, quantization error and 
noise. The distribution of these errors may be different, depend- 
ing on the amplitude of the output signal. Therefore, to be most 
useful, THD+N should be specified for both large and small 
signal amplitudes. 

SETTLING TIME 

Settling Time is the time required for the output to reach and 
remain within a specified error band about its final value, mea- 
sured from the digital input transition. It is a primary measure 
of dynamic performance. 

DYNAMIC RANGE 

Dynamic Range is the specification that indicates the ratio of the 
smallest signal the converter can resolve to the largest signal it is 
able to produce. As a ratio, it is usually expressed in decibels 
(dBs). The theoretical dynamic range of an n-bit converter is 
(6xn) dB. In the case of the 18-bit AD1860, that is 108dB. 

The actual dynamic range of a converter is less than the theoret- 
ical value due to limitations imposed by noise and other errors. 

MIDSCALE ERROR 

Midscale Error, or bipolar zero error, is the deviation of the ac- 
tual analog output from the ideal output (OV) when the 2s com- 
plement input code representing half scale is loaded in the input 
register. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error is the measure of the variation in 
analog value, normalized to full scale, associated with a 1LSB 
change in the digital input. Monotonic behavior requires that 
the differential linearity error not exceed 1LSB in the negative 
direction. 

MONOTONICITY 

A D/A converter is monotonic if the output either increases or 
remains constant as the digital input increases. 

SIGNAL-TO-NOISE RATIO 

The Signal-to-Noise Ratio is defined as the ratio of the ampli- 
tude of the output with a full-scale output present to the ampli- 
tude of the output when no signal is present. This is measured 
with a standard A-Weight filter. 


Rf 



AD 1860 Block Diagram 


FUNCTIONAL DESCRIPTION 

The AD 1860 is a complete monolithic 18-bit PCM Audio DAC. 
No additional external components are required for operation. 

As shown in the block diagram, each chip contains a voltage 
reference, an output amplifier, an 18-bit DAC, an 18-bit input 
latch and an 18-bit serial to parallel input register. 

The voltage reference consists of a bandgap circuit and buffer 
amplifier. This combination of elements produces a reference 
voltage that is unaffected by changes in temperature and age. 
The DAC output voltage, which is derived from the reference 
voltage, is also unaffected by these environmental changes. 

The output amplifier uses both MOS and bipolar devices to pro- 
duce low offset, high slew rate and optimum settling time. 

When combined with the on chip feedback resistor, the output 
op amp converts the output current of the AD 1860 to a voltage 
output. 

The 18-bit D/A converter uses a combination of segmented de- 
coder and R-2R architecture to achieve consistent linearity and 
differential linearity. The resistors which form the ladder struc- 
ture are fabricated with silicon chromium thin film. Laser trim- 
ming of these resistors further reduces linearity error resulting 
in low output distortion. 

The input register and serial to parallel converter are fabricated 
with CMOS logic gates. These gates allow the achievement of 
fast switching speeds and low power consumption. This contrib- 
utes to the overall low power dissipation of the AD 1860. 
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ADI 860— Analog Circuit Considerations 

GROUNDING RECOMMENDATIONS 

The AD 1860 has two ground pins, designated Analog and Digi- 
tal ground. The analog ground pin is the “high quality” ground 
reference point for the device. The analog ground pin should be 
connected to the analog common point in the system. The out- 
put load should also be connected to that same point. 

The digital ground pin returns ground current from the digital 
logic portions of the AD 1860 circuitry. This pin should be con- 
nected to the digital common point in the system. 

As illustrated in Figure 1, the analog and digital grounds should 
be connected together at one point in the system. 


+5V +5V 



Figure 1. Recommended Circuit Schematic 


POWER SUPPLIES AND DECOUPLING 

The AD 1860 has four power supply input pins. ±V S provide 
the supply voltages to operate the linear portions of the DAC 
including the voltage reference, output amplifier and control 
amplifier. The ±V S supplies are designed to operate from ±5V 
to ± 12V. 

The ±V L supplies operate the digital portions of the chip in- 
cluding the input shift register and the input latching circuitry. 
The ±V L supplies are also designed to be operated from ±5V to 
± 12 V subject only to the limitation that - V L may not be more 
negative than -V s . 

Decoupling capacitors should be used on all power supply pins. 
Furthermore, good engineering practice suggests that these ca- 
pacitors be placed as close as possible to the package pins as 
well as the common points. The logic supplies, ±V L , should be 
decoupled to digital common; and the analog supplies, ±V S , 
should be decoupled to analog common. 

The use of four separate power supplies will reduce feedthrough 
from the digital portion of the system to the linear portion of 
the system, thus contributing to good performance. However, 


four separate voltage supplies are not necessary for good circuit 
performance. For example. Figure 2 illustrates a system where 
only a single positive and a single negative supply are available. 


+ 5V 



Given that these two supplies are within the range of ±5V to 
±12V, they may be used to power the AD1860. In this case, 
the positive logic and positive analog supplies may both be con- 
nected to the single positive supply. The negative logic and 
negative analog supplies may both be connected to the single 
negative supply. Performance would benefit from a measure of 
isolation between the supplies introduced by using simple low 
pass filters in the individual power supply leads. 

As with most linear circuits, changes in the power supplies will 
affect the output of the DAC. Analog Devices recommends that 
well regulated power supplies with less than 1% ripple be incor- 
porated into the design of any system using these devices. 

TOTAL HARMONIC DISTORTION + NOISE 

The THD figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. The THD specification, therefore, pro- 
vides a direct method to classify and choose an audio DAC for a 
desired level of performance. 

By combining noise measurement with THD measurement, a 
THD+N specification is produced. This specification measures 
all undesirable signal produced by the DAC, including harmonic 
products of the test tone as well as noise. 

Analog Devices tests and grades all AD 1860s on the basis of 
THD + N performance. A block diagram of the test setup is 
shown in Figure 3. In this test setup, a digital data stream 
representing a OdB, -20dB or -60dB sinewave is sent to the 
device under test. The frequency of this waveform in 990.5 Hz. 
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Figure 3. Block Diagram of DistortionTest Circuit 


Input data is sent to the AD 1860 at a 4xF s rate (176.4kHz). 
The AD 1860 under test produces an output signal with its 
onboard op amp. The automatic test equipment digitizes 4096 
samples of the output test waveform, incorporating 23 complete 
cycles of the sinewave. A 4096 point FFT is performed on the 
results of the test. Based on the harmonics of the fundamental 
990.5Hz test tone and the noise components, the total harmonic 
distortion + noise of the device is calculated. Neither a de- 
glitcher nor an MSB trim is used during this test. 



FREQUENCY - Hz 


The circuit design, layout and manufacturing techniques em- 
ployed in the production of the AD 1860 result in excellent 
THD performance. Figure 4 shows the typical unadjusted THD 
performance of the AD 1860 for various amplitudes and frequen- 
cies of output signals. As can be seen, the AD 1860 offers excel- 
lent performance, even at low amplitudes. 

OPTIONAL MSB ADJUSTMENT 

Use of an optional adjust circuitry allows residual differential 
linearity error around midscale to be eliminated. This error is 
especially important when low amplitude signals are being re- 
produced. In those cases, as the signal amplitude decreases, the 
ratio of the midscale differential linearity error to the signal am- 
plitude increases, thereby increasing THD. 

Therefore, for best performance at low output levels, the op- 
tional MSB adjust circuitry shown in Figure 5 may be used to 
improve performance. 



Figure 5. Optional THD Adjust Circuit 



Figure 4. Typical THD vs Frequency 
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Figure 6. Signal Requirements for ADI 860 


DIGITAL CIRCUIT CONSIDERATIONS 
Input Data 

Data is transmitted to the AD 1860 in a bit stream composed of 
18-bit words with a serial, MSB first format. Three signals must 
be present to achieve proper operation. They are the Data, 
Clock and Latch Enable signals. Input data bits are clocked into 
the input register on the rising edge of the Clock signal. The 
LSB is clocked in on the 18th clock pulse. When all data bits 
are loaded, a low-going Latch Enable pulse updates the DAC 
input. Figure 6 illustrates the general signal requirements for 
data transfer for the AD 1860. 


Timing 

Figure 7 illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished prop- 
erly. The input pins of the AD 1860 are both TTL and 5V 
CMOS compatible, independent of the power supplies used. 

The input requirements illustrated in Figures 6 and 7 are com- 
patible with the data outputs provided by popular DSP filter 
chips used in digital audio playback systems. The AD 1860 input 
clock can run at a 12.5MHz rate. This clock rate will allow data 
transfer rates for 2x, 4x or 8x oversampling reconstruction. 
The application section of this datasheet contains additional 
guides for using the AD 1860 with various DSP filter chips avail- 
able from Sony, NPC and Yamaha. 
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APPLICATIONS OF THE AD1860 PCM AUDIO DAC 

The AD 1860 is a versatile digital-to-analog converter designed 
for applications in consumer digital audio equipment. Portable, 
car and home compact disc player, digital audio amplifier and 
DAT schemes can all use the AD 1860. Various circuit architec- 
tures are popular in these systems. They include stereo playback 
sections featuring one DAC per system, one DAC per audio 


channel (left/right) or multiple DACs per channel. Furthermore, 
these architectures use different output reconstruction rates to 
accomplish these functions including reproduction at the sample 
rate F s (lx), at twice the sample rate (2xF s ), at four times 
the sample rate (4xF s ) and even at eight times the sample rate 
(8xF s ). F s is 44.1kHz for CD and 48kHz for DAT applications. 


SAMPLE 

LEFT 


SAMPLE 

RIGHT 



LEFT 

OUTPUT 


RIGHT 

OUTPUT 


Figure 8. ADI 860 in a One DAC per System Architecture 


One DAC per System 

Figure 8 shows a circuit using one AD 1860 per system to repro- 
duce both channels of a typical first generation stereo digital 
audio system. The input data is fed to the AD 1860 in a format 
which alternates between left channel data and right channel 
data. The output of the AD 1860 is switched between the left 
channel and right channel output sample/hold amplifiers 
(SHAs). The SHAs demultiplex and deglitch the output of the 
AD 1860. The timing diagram for the control signals for this cir- 
cuit are shown in Figure 9. 

However, when only two SHAs are used, the actual system per- 
formance is limited by the phase delay introduced by the demul- 
tiplexed format. This undesirable phase delay is caused by the 
fact that the data words presented to the inputs of the DAC rep- 
resent samples taken at precisely the same point in time. But 



Figure 9. Control Signals for One DAC Circuit 


when reconstructed and demultiplexed by a single DAC, these 
same outputs occur at slightly different times. 

By incorporating a noninverting SHA into the circuit, the phase 
delay can be eliminated. In Figure 8, the optional SHA ensures 
that the left channel output appears at the same time as the 
right channel output. This minor change to the circuit elimi- 
nates the artificially induced phase delay by restoring simulta- 
neous outputs. 

Following the outputs of the SHAs are low pass filters. These 
filters are required in any sampled data system to remove un- 
wanted aliased components introduced by the sample and recon- 
struction operations. 

One DAC per Channel 

A second approach used to eliminate phase delay between left 
and right channels employs one DAC per channel. In this archi- 
tecture, the input data bitstream for each channel is transmitted 
and then latched into the input register of each DAC. This “sec- 
ond generation” approach is illustrated in Figure 10. A standard 
implementation of a low pass filter is shown at the output of 
each DAC. An optional sample/hold amplifier could be con- 
nected between the DACs and the LPFs to deglitch the outputs. 
This is not required, however, to achieve the specified perfor- 
mance. 

Two DACs per Channel 

Another architecture uses two DACs per channel. In this 
scheme each DAC reproduces one half of the output waveform. 
The advantage obtained with this structure is that midscale dif- 
ferential linearity error no longer affects the zero crossing points 
of the waveforms. Its effects are shifted to the points where the 
output waveform crosses 1/2 ± 1/4 full scale. The result is that 
THD performance for low amplitude signals is greatly im- 
proved. 
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Figure 10. One DAC per Channel Architecture with LPF 


DIGITAL FILTERING AND OVERSAMPLING 

Oversampling is a term which refers to playback techniques in 
which the reconstruction frequency used is an integral (2 or 
more) multiple of the original quantized data rate. For example, 
in compact disc stereo digital audio playback units, the original 
quantized data sample rate is 44.1kHz. Popular oversampling 
rates are 2x or 4xF s , yielding reconstruction rates of 88.2 and 
176.4kHz, respectively. 

Oversampling is used to ease the performance constraints of the 
low pass filters which follow the reconstruction DAC. In any 
signal reconstructed from sampled data, unwanted frequency 
components are introduced in the output spectrum; these com- 
ponents are centered at the reconstruction frequency. When a 
44.1kHz reconstruction frequency is used, the actual frequency 
band of interest is 20Hz to 20kHz, and the band of unwanted 
“image” frequency components extends from 44.1kHz to 
approximately 24kHz. These unwanted components must be 
removed with a low-pass filter of very high order. First genera- 
tion digital audio systems often used low-pass filters of 9, 11 and 
even 13 poles. Linear implementations of these filters are expen- 
sive, difficult to manufacture and can produce distortion due to 
varying group delay characteristics. 

When a 2 x reconstruction frequency (88.2kHz) is used, the low- 
est frequency components now extend down to approximately 


68kHz. A 4xrate (176.4kHz) has unwanted components extend- 
ing down to approximately 156kHz. The filter response needed 
to remove these frequency components can now be less steep. 
This means that a lower order filter may be used resulting in 
less distortion at lower cost. Linear filters with 3 or 5 poles, as 
shown in Figure 10, are adequate to do the job and are quite 
common in digital audio products employing oversampling 
techniques. 

Oversampling techniques require the serial input data stream to 
run at the same integral multiple of the original data rate. So, 
while the constraints on the output low-pass filter are eased, the 
constraints on the serial digital input port and the settling time 
of the output stage are not. 

The actual oversampling operation takes place in the digital fil- 
ter chip (DSP) which is located “upstream” from the DAC. The 
digital filter accepts data from the media and adds the additional 
reconstruction points according to the algorithm and coefficients 
stored in the filter chip. Since the digital filters actually interpo- 
late these additional reconstruction points, they have earned the 
name “interpolation filters”. 

The AD 1860 is compatible with popular digital filter chips 
used in digital audio products such as the Sony CXD1088, the 
Yamaha YM3434 and the NPC SM5813. 
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Figure 1 1 illustrates the combination of a second generation 
digital filter chip, the Sony CXD1088, and the AD 1860 audio 


DAC. The digital filter chip provides 18-bit data words to the 
DACs at 4xF s . Very high performance can be achieved. 




igSBWSMBi 


LEFT 

OUTPUT 


PASS H— OUTPUT 
FILTER 


I I I I 

OPTIONAL OUTPUT 

SHA SECTION SECTION 


jiimfijTJWiRrmjimruTrLrLrirLA^^ 


i R1 | 1 \ R2 i | R3 i | R4 

L1 I |_2 1 1 L3 1 1 L4 1 


JuirmjmjTJUiJmfiJiJWLnjumRnnjmj^ 


Figure 11. 4xF s with the CXD1088Q 


REV. A 


AUDIO D/A CONVERTERS 5-31 










ADI 860 

Figure 12 illustrates the combination of a Yamaha YM3434 digi- 
tal filter chip and two AD 1860 audio DACs. This combination 
of components results in 8 x F s oversampling reconstruction 
rates. This rate allows the use of lower order output low pass 
filters than would be required with lower oversampling rates, 
without sacrificing performance. In this high performance CD 
player application, the DAC input data is simultaneously trans- 
mitted to the input registers of the DACs through dedicated left 


and right channel output pins on the YM3434. This implemen- 
tation does not require any external components to achieve the 
full 108dB dynamic range afforded by the 18-bit AD 1860 audio 
DAC. As before, optional sample/hold signals are provided. 

Figure 13 shows the schematic for 8xF s when two AD 1860s are 
used with an NPC SM5813AP/APT digital filter chip. As can be 
seen, this application is very similar to the one shown in Figure 
12. See Figure 10 for an example of a typical LPF. 
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Figure 12. YM3434 and ADI 860 Achieve 8xF< 
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Figure 13. SM5813AP/APT and ADI 860 Achieve 8xF s 
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ANALOG 

DEVICES 


Ultralow Noise 
20-Bit Audio DAC 


ADI 862* 


FEATURES 

119 dB Signal-to-Noise Ratio 
102 dB D-Range Performance 
±1 dB Gain Linearity 
±1 mA Output Current 
16-Pin DIP Package 

0.0012% THD + N 

APPLICATIONS 

High-Performance Compact Disc Players 
Digital Audio Amplifiers 
Synthesizer Keyboards 
Digital Mixing Consoles 
High-Resolution Signal Processing 


FUNCTIONAL BLOCK DIAGRAM 



+V S 

NR2 

ADJ 

NR1 

AGND 

•out 
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PRODUCT DESCRIPTION 

The AD 1862 is a monolithic 20-bit digital audio DAC. Each 
device provides a 20-bit DAC, 20-bit serial-to-parallel input 
register and voltage reference. The digital portion of the 
AD 1862 is fabricated with CMOS logic elements that are pro- 
vided by Analog Devices’ BiMOS II process. The analog portion 
of the AD 1862 is fabricated with bipolar and MOS devices as 
well as thin-film resistors. 

New design, layout and packaging techniques all combine to 
produce extremely high-performance audio playback. The de- 
sign of the AD 1862 incorporates a digital offset circuit which 
improves low-level distortion performance. Low-stress packaging 
techniques are used to minimize stress-induced parametric 
shifts. Stress-sensitive circuit elements are located in die areas 
which are least affected by packaging stress. Laser-trimming of 
initial linearity error affords extremely low total harmonic distor- 
tion. Output glitch is also small, contributing to the overall high 
level of performance. 

The noise performance of the AD 1862 is excellent. When used 
with the recommended two external noise-reduction capacitors, 
it achieves 119 dB signal-to-noise ratio. 

The serial input port consists of the clock, data and latch enable 
pins. A serial 20-bit, 2s complement data word is clocked into 
the DAC, MSB first, by the external data clock. A latch-enable 
signal transfers the input word from the internal serial input 


register to the DAC input register. The data clock can function 
at 17 MHz, allowing 16 x F s operation. The serial input port is 
compatible with second-generation digital filter chips for con- 
sumer audio products such as the NPC SM5813 and SM5818. 

The AD 1862 operates with ±5Vto±12V supplies for the dig- 
ital power supplies and ± 12 V supplies for the analog supplies. 
The digital and analog supplies can be separated for reduced 
digital crosstalk. Separate analog and digital common pins are 
also provided. The AD 1862 typically dissipates less than 
300 mW. 

The AD 1862 is packaged in a 16-pin plastic DIP. The operating 
range is guaranteed to be -25°C to +70°C. 

PRODUCT HIGHLIGHTS 

1. 119 dB signal-to-noise ratio (typical) 

2. 102 dB D-Range performance (minimum) 

3. ± 1 dB gain linearity @ -90 dB amplitude 

4. 20-bit resolution provides 120 dB of dynamic range 

5. 16xF s operation 

6. 0.0012% THD+N (ct 0 dB signal amplitude (typical) 

7. Space saving 16-pin DIP package 

8. ±1 mA output current 


‘Protected by U.S. Patents Numbers: 4,349,811; 4,857,862; 4,855,618; 
3,961,326; 4,141,004; 4,902,959. 
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ADI 862— SPECIFICATIONS 


(T a at +25°C and ±12 V supplies, see Figure 10 for test circuit schematic) 



Min 

Typ 

Max 

Units 

RESOLUTION 

20 



Bits 

DIGITAL INPUTS V IH 

2.0 

4.0 


V 

V, L 


0.4 

0.8 

V 

Iih@V ih = 4.0V 



1.0 

jaA 

Iil @ V= 0.4 V 



-10 

|aA 

Maximum Clock Input Frequency 

17 



MHz 

ACCURACY 





Gain Error 



±2 

% 

Midscale Output Error 


±2 


ptA 

TOTAL HARMONIC DISTORTION + NOISE (EIAJ) 1 





0 dB, 990.5 Hz AD1862N-J 


-98 (0.0012) 

-96(0.0016) 

dB (%) 

AD1862N 


-94 (0.0019) 

-92 (0.0025) 

dB (%) 

-20 dB, 990.5 Hz AD1862N, N-J 


-84 (0.0063) 

-80 (0.01) 

dB (%) 

-60 dB, 990.5 Hz AD1862N, N-J 


-45 (0.56) 

-42(0.8) 

dB (%) 

D-Range, -60 dB, A- Weight Filter 

102 



dB 

SIGNAL-TO-NOISE RATIO 2 (EIAJ) 1 





A-Weight Filter AD1862N-J 

113 

119 


dB 

AD1862N 

110 

119 


dB 

GAIN LINEARITY 





@ -90 dB AD1862N-J 


±1 


dB 

AD1862N 


±1 


dB 

OUTPUT CURRENT 





Bipolar Range 


±1 


mA 

Tolerance 


±1 

±2 

% 

Output Impedance (±30%) 


2.1 


kn 

Settling Time 


350 


ns 

FEEDBACK RESISTOR 
^ Value 


3 


kn 

Tolerance 


±1 

±2 

% 

POWER SUPPLY 





Voltage V L and -V L 

4.75 

12.0 

13.2 

±v 

Voltage V s and -V s 

10.8 

12.0 

13.2 

±v 

Current +1, V L and V s = 12 V, 17 MHz Clock 


11 

15 

mA 

-I, -V L and -V s = -12 V, 17 MHz Clock 


13 

16 

mA 

POWER DISSIPATION 





V L and V s = 12 V, -V L and -V s = -12 V, 17 MHz Clock 


288 

372 

mW 

TEMPERATURE RANGE 





Specification 


+25 


°C 

Operation 

-25 


+70 

°C 

Storage 

-60 


+ 100 

°c 


NOTE 

'Test Method complies with EIAJ Standard CP-307. 

2 The signal-to-noise measurement includes noise contributed by the SE5534A op amp used in the test fixture but does not include the noise contributed by the 
low pass filter used in the test fixture. 

Specifications in boldface are tested on all production units at final electrical test. 

Specifications subject to change without notice. 
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Figure 1. THD+N vs. Frequency 


Figure 2. Noise Density 
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Figure 3. Broadband Noise (20 kHz Bandwidth, Midscale) 


DIGITAL INPUT - dB 

Figure 4. Gain Linearity 




Figure 5. THD+N vs. Temperature (1 kHz) 


Figure 6. Midscale Differential Linearity 
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ABSOLUTE MAXIMUM RATINGS* 

V L to DGND 

-V L to DGND 

V s to AGND 

-V s to AGND 

AGND to DGND 

Digital Inputs to DGND . . 

Soldering 

Storage Temperature 


. . .Oto +13.2 V 

-V s toO V 

. . . Oto +13.2 V 
. . . -13.2 toO V 
. -0.3 to +0.3 V 

-0.3 to V L 

. . +300°C, 10 sec 
-60°C to +100°C 


NOTE 

^Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 



PIN CONFIGURATION 


PIN DESIGNATIONS 



+ V S 

nr 2 

ADJ 

NR! 

AGND 

I OUT 

Rp 

DGND 


Pin 

Function 

Description 

1 

-V s 

Bias Capacitor 

2 

-V s 

Analog Negative Supply 

3 

TRIM 

Trim Pot Connection 

4 

+V L 

Positive Logic Supply 

5 

CLK 

External Clock Input 

6 

LE 

Latch Enable Input 

7 

D 

Data Input 

8 

-v L 

Negative Logic Supply 

9 

DGND 

Digital Ground 

10 

Rf 

Feedback Resistor 

11 

^OUT 

Output Current 

12 

AGND 

Analog Ground 

13 

NR! 

Reference Capacitor 

14 

ADJ 

Midscale Adjust 

15 

NR 2 

Bias Capacitor 

16 

+v s 

Positive Analog Supply 


ORDERING GUIDE 


Model 

Operating 

Temperature 

Range 

THD+N @ FS 

SNR 

Package 

Option* 

AD1862N 

-25°C to +70°C 

-92 dB, 0.0025% 

110 dB 

N-16 

AD1862N-J 

-25°C to +70°C 

-96 dB, 0.0016% 

113 dB 

N-16 


*N = Plastic DIP. For outline information see Package Information section. 
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TOTAL HARMONIC DISTORTION + NOISE 

Total Harmonic Distortion plus Noise (THD+N) is defined as 
the ratio of the square root of the sum of the squares of the val- 
ues of the harmonics and noise to the value of the fundamental 
input frequency. It is usually expressed in percent (%) or deci- 
bels (dB). 

D-RANGE DISTORTION 

D-Range Distortion is the ratio of the signal amplitude to the 
distortion plus noise at -60 dB. In this case, an A-Weight filter 
is used. The value specified for D-Range performance is the ra- 
tio measured plus 60 dB. 

SETTLING TIME 

Settling Time is the time required for the output to reach and 
remain within ±1/2 LSB about its final value, measured from 
the digital input transition. It is a primary measure of dynamic 
performance and is usually expressed in nanoseconds (ns). 



AD 1862 Block Diagram 


SIGNAL-TO-NOISE RATIO 

The Signal-to-Noise Ratio is defined as the ratio of the ampli- 
tude of the output with full-scale present to the amplitude of the 
output when no signal is present. It is expressed in decibels (dB) 
and measured using an A-Weight filter. 

GAIN LINEARITY 

Gain Linearity is a measure of the deviation of the actual output 
amplitude from the ideal output amplitude. It is determined by 
measuring the amplitude of the output signal as the amplitude 
of that output signal is digitally reduced to a low level. A perfect 
D/A converter exhibits no difference between the ideal and ac- 
tual amplitudes. Gain linearity is expressed in decibels (dB). 

MIDSCALE ERROR 

Midscale Error, or bipolar zero error, is the deviation of the ac- 
tual analog output from the ideal output when the 2 s comple- 
ment input code representing midscale is loaded in the input 
register. The AD 1862 is a current output D/A converter. There- 
fore, this error is expressed in |xA. 


FUNCTIONAL DESCRIPTION 

The AD 1862 is a high performance, monolithic 20-bit audio 
DAC. Each device includes a voltage reference, a 20-bit DAC, 
20-bit input latch and a 20-bit serial-to-parallel input register. A 
special digital offset circuit, combined with segmentation cir- 
cuitry, produces excellent THD+N and D-range performance. 

Extensive noise-reduction features are utilized to make the noise 
performance of the AD 1862 as high as possible. For example, 
the voltage reference circuit is a low-noise, 9 volt bandgap cell. 
This cell supplies the reference voltage to the bipolar offset cir- 
cuit and the DAC. An external noise-reduction capacitor is con- 
nected to NR1 to form a low-pass filter network. 



Additional noise-reduction techniques are used in the control 
amplifier of the DAC. By connecting an external noise-reduction 
capacitor to NR2 output noise contributions from the control 
portion of the DAC are similarly reduced. The noise-reduction 
efforts result in a signal-to-noise ratio of 119 dB. 


The design of the AD 1862 uses a combination of segmented de- 
coder, R-2R topology and digital offset to produce low distor- 
tion at all signal amplitudes. The digital offset technique shifts 
the midscale output voltage (0 V) away from the MSB transition 
of the device. Therefore, small amplitude signals are not af- 
fected by an MSB change. An extra DAC cell is included to 
avoid clipping the output at full scale. 


The DAC supplies a ± 1 mA output current to an external 
I-to-V converter. An on-board 3 k(l feedback resistor is also 
supplied. Both the output current and feedback resistor are 
laser-trimmed to ±2% tolerance, simplifying the selection of 
external filter and/or deemphasis network components. The in- 
put register and serial-to-parallel converter are fabricated with 
CMOS logic gates. These gates allow the achievement of fast 
switching speeds and low power consumption. Internal TTL- 
to-CMOS converters are used to insure TTL and 5 V CMOS 
compatibility. 


REV. A 


AUDIO D/A CONVERTERS 5-37 







ADI 862 

Analog Circuit Considerations 


GROUNDING RECOMMENDATIONS 

The AD 1862 has two ground pins, designated analog ground 
(AGND) and digital ground (DGND). The analog ground pin is 
the “high-quality” ground reference for the device. The analog 
ground pin should be connected to the analog common point in 
the system. The reference bypass capacitor, the noninverting 
terminal of the current-to-voltage conversion op amp, and any 
output loads should be connected to this point. The digital 
ground pin returns ground current from the digital logic por- 
tions of the AD 1862 circuitry. This pin should be connected to 
the digital common point in the system. 

As illustrated in Figure 7, AGND and DGND should be con- 
nected together at one point in the system. 



Figure 7. Grounding and Bypassing Recommendations 


POWER SUPPLIES AND DECOUPLING 

The AD 1862 has four power supply input pins. ±V S provide 
the supply voltages which operate the linear portions of the 
DAC including the voltage reference and control amplifier. The 
±V S supplies are designed to operate with ±12 volts. 

The ±V L supplies operate the digital portions of the chip in- 
cluding the input shift register, the input latching circuitry and 
the TTL-to-CMOS level shifters. The ±V L supplies are de- 
signed to be operated from ±5Vto±12V supplies subject only 
to the limitation that -V L may not be more negative than -V s . 

Decoupling capacitors should be used on all power supply input 
pins. Good engineering practice suggests that these capacitors be 
placed as close as possible to the package pins and the common 
points. The logic supplies, ±V L , should be decoupled to 
DGND and the analog supplies, ±V S , should be decoupled to 
AGND. 


EXTERNAL NOISE REDUCTION COMPONENTS 

Two external capacitors are required to achieve low-noise opera- 
tion. Their correct connection is illustrated in Figure 8. Capaci- 
tor Cl is connected between the pin labeled NR1 and analog 
common. Cl forms a low-pass filter element which reduces noise 
contributed by the voltage reference circuitry. The proper 
choice for this capacitor is a tantalum type with value of 10 |xF 
or more. This capacitor should be connected to the package pins 
as closely as possible. This will minimize the effects 
of parasitic inductance of the leads and connections circuit 
connections. 



NOTE: 

PIN 1 IS ’ HIGH QUALITY" RETURN 
FOR BIAS CAP. 


Figure 8. Noise Reduction Capacitors 

Capacitor C2 is connected between the pin labeled NR2 and the 
negative analog supply, -V s . This capacitor reduces the portion 
of output noise contributed by the control amplifier circuitry. 

C2 should be chosen to be a tantalum capacitor with a value of 
about 1 |xF. Again, the connections between the AD1862 and 
C2 should be made as short as possible. 

The recommended values for Cl and C2 are 10 |xF and 1 |xF, 
respectively. The ratio between Cl and C2 should be approxi- 
mately 10. Additional noise reduction can be gained by choosing 
slightly higher values for Cl and C2 such as 22 jxF and 2.2 jiF. 
Figure 2 illustrates the noise performance of the AD 1862 with 
10 *jiF and 1 p.F. 

EXTERNAL AMPLIFIER CONNECTIONS 

The AD 1862 is a current-output D/A converter. Therefore, an 
external amplifier, in combination with the on-board feedback 
resistor, is required to derive an output voltage. Figure 9 
illustrates the proper connections for an external operational am- 
plifier. The output of the AD 1862 is intended to drive the sum- 
ming junction of an external current-to-voltage conversion op 
amp. Therefore, the voltage on the output current pin of the 
AD 1862 should be approximately the same as that on the 
AGND pin of the device. 
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The on-board 3 kO feedback resistor and the ± 1 mA output 
current typically have ±1% tolerance or less. This makes the 
choice of external components very simple and eliminates addi- 
tional trimming. For example, if a user wishes to derive an out- 
put voltage higher than the ±3 V swing offered by the output 
current and feedback resistor combination, all that is required is 
to combine a standard value resistor with the feedback resistor 
to achieve the appropriate output voltage swing. This technique 
can be extended to include the choice of elements in the deem- 
phasis network, etc. 

TOTAL HARMONIC DISTORTION + NOISE 

The THD figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. The THD specification, therefore, pro- 
vides a direct method to classify and choose an audio DAC for a 
desired level of performance. 

By combining noise measurement with the THD measurement, 
a THD+N specification is realized. This specification indicates 
all of the undesirable signal produced by the DAC, including 
harmonic products of the test tone as well as noise. 

Analog Devices tests all AD 1862s on the basis of THD+N per- 
formance. In this test procedure, a digital data stream represent- 
ing a 0 dB, —20 dB or —60 dB sine wave is sent to the device 
under test. The frequency of the waveform is 990.5 Hz. Input 
data is sent to the AD 1862 at an 8 x F s rate (352.8 kHz). The 
AD 1862 under test produces an output current which is con- 
verted to an output voltage by an external amplifier. Figure 10 
illustrates the recommended test circuit. Deglitchers and trims 
are not used during this test procedure. The automatic test 
equipment digitizes 4096 samples of the output test waveform, 
incorporating 23 complete cycles of the sine wave. A 4096 point 
FFT is performed on the test data. 



Figure 9. External Amplifier Connections 

Based upon the harmonics of the fundamental 990.5 Hz test 
tone, and the noise components in the audio band, the total har- 
monic distortion + noise of the device is calculated. The 
AD 1862 is available in two performance grades. The AD1862N 
produces a maximum of 0.0025% THD+N at 0 dB signal lev- 
els. The higher performance AD1862N-J produces a maximum 
of 0.0016% THD+N at 0 dB signal levels. 

SIGNAL-TO-NOISE RATIO 

The Signal-to-Noise Ratio (SNR) of the AD 1862 is tested in the 
following manner. The amplitude of a 0 dB signal is measured. 
The device under test is then set to midscale output voltage (0 
volts). The amplitude of all noise present to 30 kHz is mea- 
sured. The SNR is the ratio of these two measurements. The 
SNR figure for the AD 1862 includes the output noise contrib- 
uted by the NE5534 op amp used in the test fixture but does 
not include the noise contributed by the low-pass filter used in 
the test fixture. 

The AD1862N has a minimum SNR of 110 dB. The higher per- 
formance AD1862N-J has a minimum SNR of 113 dB. 



Figure 10. Recommended Test Circuit 
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Testing the ADI 862 

OPTIONAL TRIM ADJUSTMENT 

The AD1862 includes an external midscale adjust feature. 

Should an application require improved distortion performance 
under small and very small signal amplitudes (-60 dB and 
lower), an adjustment is possible. Two resistors and one potenti- 
ometer form the adjustment network. Figure 1 1 illustrates the 
correct configuration of the external components. Analog De- 
vices recommends that this adjustment be performed with 
-60 dB signal amplitudes or lower. Minor performance im- 
provement is achieved with larger signal amplitudes such as 
-20 dB. Almost no improvement is possible when this adjust- 
ment is performed with 0 dB signal amplitudes. 



DIGITAL CIRCUIT CONSIDERATIONS 
INPUT DATA 

Data is transmitted to the AD 1862 in a bit stream composed of 
20-bit words with a serial, 2s complement, MSB first format. 
Three signals must be present to achieve proper operation. They 
are the data, clock and latch enable signals. Input data bits are 


clocked into the input register on the rising edge of the clock 
signal (CLK). The LSB is clocked in on the 20th clock pulse. 
When all data bits are loaded, a low going latch enable (LE) 
pulse updates the DAC input. Figure 12a illustrates the general 
signal requirements for data transfer for the AD 1862. 


DATA 

CLOCK 

LATCH 

ENABLE 


MS 




I 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ii 1 1 1 

II II 
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Figure 12a. Input Data 



TIMING 

Figure 12b illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished suc- 
cessfully. The input pins of the AD 1862 are both TTL and 5 V 
CMOS compatible, independent of the power supplies used in 
the application. The input requirements illustrated in Fig- 


ure 12b are compatible with the data outputs provided by popu- 
lar digital interpolation filter chips used in digital audio play- 
back systems. The AD 1862 input clock will run at 17 MHz 
allowing data to be transferred at a rate of 16 x F s . Of course, 
it will also function at slower rates such as 2 x,4 x or 8 x F s . 



Figure 12b. Timing Requirements 
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ADI 862 


The AD 1862 is an extremely high performance DAC designed 
for high-end consumer and professional digital audio applica- 
tions. Compact disc players, digital preamplifiers, digital musical 
instruments and sound processors benefit from the extended 
dynamic range, low THD+ Noise and high signal-to-noise ratio. 
For the first time, the D/A converter is no longer the basic limi- 
tation in the performance of a CD player. 

The performance of professional audio gear, such as mixing con- 
soles, digital tape recorders and multivoice synthesizers can uti- 
lize the wide dynamic range and signal-to-noise ratio to achieve 
greater performance. And, the AD1862’s space saving 16-pin 
package contributes to compact system design. This permits a 
system designer to incorporate more voices in multivoice synthe- 
sizers, more tracks in multitrack tape recorders and more chan- 
nels in multichannel mixing consoles. 


Furthermore, high-resolution signal processing and waveform 
generation applications are equally well served by the AD 1862. 

HIGH PERFORMANCE CD PLAYER 

Figure 13 illustrates the application of AD 1862s in a high per- 
formance CD player. Two AD 1862s are used, one for the left 
channel and one for the right channel. The CXD11XX chip de- 
codes the digital data coming from the read electronics and 
sends it to the SM5813. Input data is sent to each AD 1862 by 
the SM5813 digital interpolating filter. This device operates at 
8 times oversampling. The NE5534 op amps are chosen for 
current-to-voltage converters due to their low distortion and 
low noise. The output filters are 5-pole designs. For the pur- 
pose of clarity, all bypass capacitors have been omitted from 
the schematic. 
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Figure 13. High Performance 20-Bit 8 x Oversampling CD Player Application 
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ADI 862 


HIGH-RESOLUTION SIGNAL PROCESSING 

Figure 14 illustrates the AD 1862 combined with the DSP56000. 
In high-resolution applications, the combination of the 24-bit 
architecture of the DSP56000 and the low noise and high resolu- 
tion of the AD 1862 can produce a high-resolution, low-noise 
system. 

As shown in Figure 14, the clock signal supplied by the DSP 
processor must be inverted to be compatible with the input of 
the AD1862. The exact architecture of the output low-pass filter 


depends on the sample rate of the output data. In general, the 
higher the oversampling rate, the fewer number of filter poles 
are required to prevent aliasing. 

The 20-bit resolution is particularly suitable for professional au- 
dio, mixing or equalization equipment. Its resolution allows 
24 dB of equalization to be performed on 16-bit input words 
without signal truncation. Furthermore, up to sixteen 16-bit in- 
put words can be mixed and output directly to the AD 1862. In 
this case, no loss of signal information would be encountered. 


-12V 12V 

ANALOG ANALOG 

SUPPLY SUPPLY 



Figure 14. DSP56001 and ADI 862 Produces High Resolution Signal Processing System 
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FEATURES 

Dual Serial Input, Voltage Output DACs 
No External Components Required 
Operates at 8 x Oversampling per Channel 
±5 Volt to ±12 Volt Operation 
Cophased Outputs 
115 dB Channel Separation 
±0.3% Interchannel Gain Matching 

0.0017% THD+N 

APPLICATIONS 

Multichannel Audio Applications: 

Compact Disc Players 
Multi-Voice Keyboard Instruments 
DAT Players and Recorders 
Digital Mixing Consoles 
Multimedia Workstations 

PRODUCT DESCRIPTION 

The AD 1864 is a complete dual 18-bit DAC offering excellent 
THD+N, while requiring no external components. Two com- 
plete signal channels are included. This results in cophased volt- 
age or current output signals and eliminates the need for output 
demultiplexing circuitry. The monolithic AD 1864 chip includes 
CMOS logic elements, bipolar and MOS linear elements and 
laser- trimmed thin-film resistor elements, all fabricated on Ana- 
log Devices BiMOS II process. 

The DACs on the AD 1864 chip employ a partially-segmented 
architecture. The first four MSBs of each DAC are segmented 
into 15 elements. The 14 LSBs are produced using standard 
R-2R techniques. Segment and R-2R resistors are laser-trimmed 
to provide extremely low total harmonic distortion. This archi- 
tecture minimizes errors at major code transitions resulting in 
low output glitch and eliminating the need for an external 
deglitcher. When used in the current output mode, the AD 1864 
provides two cophased ± 1 mA output signals. 

Each channel is equipped with a high performance output am- 
plifier. These amplifiers achieve fast settling and high slew rate, 
producing ±3 V signals at load currents up to 8 mA. Each out- 
put amplifier is short-circuit protected and can withstand indefi- 
nite short circuits to ground. 

The AD 1864 was designed to balance two sets of opposing re- 
quirements, channel separation and DAC matching. High chan- 
nel separation is the result of careful layout techniques. At the 
same time, both channels of the AD 1864 have been designed to 
ensure matched gain and linearity as well as tracking over time 
and temperature. This assures optimum performance when used 
in stereo and multi-DAC per channel applications. 


‘Covered by U.S. Patents Nos: RE 30,586; 3,961,326; 4,141,004; 
4,349,811; 4,855,618; 4,857,862 


Complete Dual 
18-Bit Audio DAC 

ADI 864* 


AD 1864 DIP BLOCK DIAGRAM 



A versatile digital interface allows the AD 1864 to be directly 
connected to standard digital filter chips. This interface employs 
five signals: Data Left (DL), Data Right (DR), Latch Left 
(LL), Latch Right (LR) and Clock (CLK). DL and DR are the 
serial input pins for the left and right DAC input registers. In- 
put data bits are clocked into the input register on the rising 
edge of CLK. A low-going latch edge updates the respective 
DAC output. For systems using only a single latch signal, LL 
and LR may be connected together. For systems using only one 
DATA signal, DR and DL may be connected together. 

The AD 1864 operates from ±5Vto±12V power supplies. 

The digital supplies, V L and -V L , can be separated from the 
analog supplies, V s and -V s , for reduced digital feedthrough. 
Separate analog and digital ground pins are also provided. The 
AD 1864 typically dissipates only 225 mW, with a maximum 
power dissipation of 265 mW. 

The AD 1864 is packaged in both a 24-pin plastic DIP and a 
28-pin PLCC. Operation is guaranteed over the temperature 
range of -25°C to +70°C and over the voltage supply range of 
±4.75 V to ±13.2 V. 



PRODUCT HIGHLIGHTS 

1. The AD 1864 is a complete dual 18-bit audio DAC. 

2. 108 dB signal-to-noise ratio for low noise operation. 

3. THD+N is typically 0.0017%. 

4. Interchannel gain and midscale matching. 

5. Output voltages and currents are cophased. 

6. Low glitch for improved sound quality. 

7. Both channels are 100% tested at 8 x F s . 

8. Low Power — only 225 mW typ, 265 mW max. 

9. 5 -wire interface for individual DAC control. 
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AD1864 — SPECIFICATIONS (T a = +25°C, ±V L = ±V S = ±5 V, F s = 352.8 kHz, without MSB adjustment) 



Min 

Typ 

Max 

Units 

RESOLUTION 

18 

Bits 

DIGITAL INPUTS 





V,„ 

2.0 


+v L 

V 

v, L 



0.8 

V 

IiH, V IH = +V L 



1.0 

p.A 

Iil? V IL = 0.4 V 



-10 

|xA 

Clock Input Frequency 

12.7 



MHz 

ACCURACY 





Gain Error 


0.4 

1.0 

% of FSR 

Interchannel Gain Matching 


0.3 

0.8 

% of FSR 

Midscale Error 


4 


mV 

Interchannel Midscale Matching 


5 


mV 

Gain Linearity Error (0 dB to -90 dB) 


<2 


dB 

DRIFT (0°C to +70°C) 





Gain Drift 


±25 


ppm of FSR/°C 

Midscale Drift 


±4 


ppm of FSR/°C 

TOTAL HARMONIC DISTORTION + NOISE* 





0 dB, 990.5 Hz AD1864N, P 


0.004 

0.006 

% 

AD1864N-J, P-J 


0.003 

0.004 

% 

AD1864N-K 


0.0017 

0.0025 

% 

-20 dB, 990.5 Hz AD1864N, P 


0.010 

0.040 

% 

AD1864N-J, P-J 


0.010 

0.020 

% 

AD1864N-K 


0.010 

0.020 

% 

-60 dB, 990.5 Hz AD1864N, P 


1.0 

4.0 

% 

AD1864N-J, P-J 


1.0 

2.0 

% 

AD1864N-K 


1.0 

2.0 

% 

CHANNEL SEPARATION* 





0 dB, 990.5 Hz 

110 

115 


dB 

SIGNAL-TO-NOISE RATIO* 





(20 Hz to 30 kHz) N, N-J, N-K 

102 

108 


dB 

P, P-J 

95 

108 



D-RANGE* (WITH A- WEIGHT FILTER) 





-60 dB, 990.5 Hz AD1864N, P 

88 

100 


dB 

AD1864N-J, P-J 

94 

100 


dB 

AD1864N-K 

94 

100 


dB 

OUTPUT 





Voltage Output Configuration 





Output Range (±3%) 

±2.88 

±3.0 

±3.12 

V 

Output Impedance 


0.1 


n 

Load Current 

±8 



mA 

Short-Circuit Duration 


Indefinite to Common 



Current Output Configuration 





Bipolar Output Range (±30%) 


±1 


mA 

Output Impedance (±30%) 


1.7 


kH 

POWER SUPPLY 





+V L and +V S 

4.75 

5.0 

13.2 

V 

-V L and — V s 

-13.2 

-5.0 

-4.75 

V 

+ 1, (+V L and +V S = +5 V) 


22 

25 

mA 

— 1> ( - V L and -Vs= -5 V) 


-23 

-28 

mA 

POWER DISSIPATION, ±V L = ±V S = ±5 V 


225 

265 

mW 

TEMPERATURE RANGE 





Specification 

0 

+25 

+70 

°C 

Operation 

-25 


+70 

°C 

Storage 

-60 


+ 100 

°C 

WARMUP TIME 

1 1 

min 


NOTE 

Specifications shown in boldface are tested on production units at final test without optional MSB adjustment. 
♦Tested in accordance with EIAJ Test Standard CP-307 with 18-bit data. 

Specifications subject to change without notice. 
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Typical Performance Data— ADI 864 




Figure 1. THD+N vs. Frequency 


Figure 2. Channel Separation vs. Frequency 



TEMPERATURE -°C SUPPLY VOLTAGE - *V 

Figure 3. THD+N vs. Temperature Figure 4. Power Dissipation vs. Supply Voltage 



900 1000 1500 2000 2900 3000 -100 -90 -80 -70 -60 -90 -40 -30 -20 -10 0 

LOAD RESISTANCE - Q INPUT AMPLITUDE - dB 

Figure 5. THD+N vs. Load Resistance Figure 6. Gain Linearity Error, vs. Input Amplitude 
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ADI 864 


ABSOLUTE MAXIMUM RATINGS* 

V L to DGND 

V s to AGND 

-V L to DGND 

-V s to AGND 

AGND to DGND 


. 0 V to 13.2 V 
. 0 V to 13.2 V 
-13.2 V toO V 
-13.2 VtoOV 
±0.3 V 


Digital Inputs to DGND -0.3 V to V L 

Short-Circuit Protection Indefinite Short to Ground 

Soldering (10 sec) + 300°C 


♦Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 



PIN CONFIGURATIONS 
DIP Package 


-Vs |T 


2^+Vs 

TRIM [T 


£5] TRIM 

MSB [T 


££] MSB 

•out El 


111 'out 

AGND [T 


£oJ AGND 

SJ [T 

ADI 864 

1£] SJ 

Rf |T 

TOP VIEW 
(Not to Scale) 

23"f 

Vout {£ 


7f] Vout 

+ V L [T 


m -v L 

DR’|jo 


Ts] DL 

LR [77 


u\ LL 

CLK [l2 


li] DGND 


LEFT 

CHANNEL 


PLCC Package 


CD i 

(/) DC 

S (— 



: 25 'out 
' 24 AGND 
23 SJ 
22 NC 
:21 RF 
20 V 0UT 
s19 -V, 


NC = NO CONNECT 


PIN DESIGNATIONS 


SIGNAL 

DESCRIPTION 

-V s 

Negative Analog Supply 

TRIM 

Right Channel Trim Network Connection 

MSB 

Right Channel Trim Potentiometer Connection 

loUT 

Right Channel Output Current 

AGND 

Right Channel Analog Common Pin 

SJ 

Right Channel Amplifier Summing Junction 

Rf 

Right Channel Feedback Resistor 

Vout 

Right Channel Output Voltage 

+v L 

Positive Digital Supply 

DR 

Right Channel Data Input Pin 

LR 

Right Channel Latch Pin 

CLK 

Clock Input Pin 

DGND 

Digital Common Pin 

LL 

Left Channel Latch Pin 

DL 

Left Channel Data Input Pin 

-v L 

Negative Digital Supply 

Vout 

Left Channel Output Voltage 

RF 

Left Channel Feedback Resistor 

SJ 

Left Channel Amplifier Summing Junction 

AGND 

Left Channel Analog Common Pin 

loUT 

Left Channel Output Current 

MSB 

Left Channel Trim Potentiometer Wiper Connection 

TRIM 

Left Channel Trim Network Connection 

+v s 

Positive Analog Supply 


ORDERING GUIDE 


Model 

THD+N 

@FS 

Package 

Option* 

AD1864N 

0.006% 

N-24 

AD1864N-J 

0.004% 

N-24 

AD1864N-K 

0.0025% 

N-24 

AD1864P 

0.006% 

P-28A 

AD1864P-J 

0.004% 

P-28A 


*N = Plastic DIP; P = Plastic Leaded 
Chip Carrier. For outline information see 
Package Information section. 
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Definition of Specifications— ADI 864 


TOTAL HARMONIC DISTORTION + NOISE 

Total Harmonic Distortion plus Noise (THD+N) is defined as 
the ratio of the square root of the sum of the squares of the 
amplitudes of the harmonics and noise to the value of the funda- 
mental input frequency. It is usually expressed in percent. 

THD+N is a measure of the magnitude and distribution of lin- 
earity error, differential linearity error, quantization error and 
noise. The distribution of these errors may be different, depend- 
ing on the amplitude of the output signal. Therefore, to be most 
useful, THD+N should be specified for both large (0 dB) and 
small (-20 dB, -60 dB) signal amplitudes. THD+N measure- 
ments for the AD 1864 are made using the first 19 harmonics 
and noise out to 30 kHz. 

SIGNAL-TO-NOISE RATIO 

The Signal-to-Noise Ratio is defined as the ratio of the ampli- 
tude of the output when cide midscale is entered to the ampli- 
tude of the output when a cide full scale is entered. It is 
measured using a standard A- Weight filter. SNR for the 
AD 1864 is measured for noise components up to 30 kHz. 

CHANNEL SEPARATION 

Channel separation is defined as the ratio of the amplitude of a 
full-scale signal appearing on one channel to the amplitude of 
that same signal which couples onto the adjacent channel. It is 
usually expressed in dB. For the AD 1864 channel separation is 
measured in accordance with EIAJ Standard CP-307, Section 5.5. 

D-RANGE DISTORTION 

D-Range distortion is equal to the value of the total harmonic 
distortion + noise (THD+N) plus 60 dB when a signal level of 
60 dB below full-scale is reproduced. D-Range is tested with a 
1 kHz input sine wave. This is measured with a standard 
A- Weight filter as specified by EIAJ Standard CP-307. 

GAIN ERROR 

The gain error specification indicates how closely the output of a 
given channel matches the ideal output for given input data. It 
is expressed in % of FSR and is measured with a full-scale out- 
put signal. 

INTERCHANNEL GAIN MATCHING 

The gain matching specification indicates how closely the ampli- 
tudes of the output signals match when producing identical in- 
put data. It is expressed in % of FSR (Full-Scale Range = 6 V 
for the AD 1864) and is measured with full-scale output signals. 

MIDSCALE ERROR 

Midscale error is the deviation of the actual analog output of a 
given channel from the ideal output (0 V) when the 2s comple- 
ment input code representing half scale is loaded into the input 
register of the DAC. It is expressed in mV. 


INTERCHANNEL MIDSCALE MATCHING 

The midscale matching specification indicates how closely the 
amplitudes of the output signals of the two channels match 
when the 2s complement input code representing half scale is 
loaded into the input register of both channels. It is expressed in 
mV and is measured with half-scale output signals. 



+v s 

TRIM 

MSB 

•out 

AGND 

SJ 

Rf 

Vour 

~V L 

DL 

LL 

DGND 


ADI 864 DIP Block Diagram 


FUNCTIONAL DESCRIPTION 

The AD1864 is a complete, monolithic, dual 18-bit audio DAC. 
No external components are required for operation. As shown in 
the block diagram, each chip contains two voltage references, 
two output amplifiers, two 18-bit serial input registers and two 
18-bit DACs. 

The voltage reference section provides a reference voltage for 
each DAC circuit. These voltages are produced by low-noise 
bandgap circuits. Buffer amplifiers are also included. This com- 
bination of elements produces reference voltages that are unaf- 
fected by changes in temperature and time. 

The output amplifiers use both MOS and bipolar devices and 
incorporate an all NPN output stage. This design technique pro- 
duces higher slew rate and lower distortion than previous tech- 
niques. Frequency response is also improved. When combined 
with the appropriate on-chip feedback resistor, the output op 
amps convert the output current to output voltages. 

The 18-bit D/A converters use a combination of segmented de- 
coder and R-2R architecture to achieve consistent linearity and 
differential linearity. The resistors which form the ladder struc- 
ture are fabricated with silicon chromium thin film. Laser trim- 
ming of these resistors further reduces linearity errors resulting 
in low output distortion. 

The input registers are fabricated with CMOS logic gates. These 
gates allow the achievement of fast switching speeds and low 
power consumption, contributing to the low glitch and low 
power dissipation of the AD 1864. 
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ADI 864— Analog Circuit Considerations 


GROUNDING RECOMMENDATIONS 

The AD 1864 has three ground pins, two labeled AGND and 
one labeled DGND. AGND, the analog ground pins, are the 
“high quality” ground references for the device. To minimize 
distortion and reduce crosstalk between channels, the analog 
ground pins should be connected together only at the analog 
common point in the system. As shown in Figure 7, the AGND 
pins should not be connected at the chip. 



Figure 7. Recommended DIP Circuit Schematic 

The digital ground pin returns ground current from the digital 
logic portions of the AD 1864 circuitry. This pin should be con- 
nected to the digital common pin in the system. Other digital 
logic chips should also be referred to that point. The analog and 
digital grounds should be connected together at one point in the 
system, preferably at the power supply. 

POWER SUPPLIES AND DECOUPLING 

The AD 1864 has four power supply pins. ±V S provide the sup- 
ply voltages which operate the analog portions of the DAC in- 
cluding the voltage references, output amplifiers and control 
amplifiers. The ±V S supplies are designed to operate from 
±5Vto±12V. These supplies should be decoupled to analog 
common using 0.1 |xF capacitors. Good engineering practice 
suggests that the bypass capacitors be placed as close as possible 
to the package pins. This minimizes the parasitic inductive ef- 
fects of printed circuit board traces. 

The ±V L supplies operate the digital portions of the chip in- 
cluding the input shift registers and the input latching circuitry. 
These supplies should be bypassed to digital common using 
0.1 p.F capacitors. ±V L operates with ±5 V to ±12 V supplies. 
In order to assure proper operation of the AD 1864, — V s must 
be the most negative power supply voltage at all times. 


Though separate positive and negative power supply pins are 
provided for the analog and digital portions of the AD 1864, it is 
also possible to use the AD 1864 in systems featuring a single 
positive and a single negative power supply. In this case, the 
+V S and +V L input pins should be connected to the positive 
power supply. -V s and — V L should be connected to the single 
negative supply. This feature allows reduction of the cost and 
complexity of the system power supply. 

As with most linear circuits, changes in the power supplies will 
affect the output of the DAC. Analog Devices recommends that 
well-regulated power supplies with less than 1% ripple be incor- 
porated into the design of an audio system. 

DISTORTION PERFORMANCE AND TESTING 

The THD+N figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. The THD+N specification, therefore, 
provides a direct method to classify and choose an audio DAC 
for a desired level of performance. Figure 1 illustrates the typi- 
cal THD+N performance of the AD 1864 versus frequency. A 
load impedance of at least 1.5 kO is recommended for best 
THD+N performance. 

Analog Devices tests and grades all AD 1864s on the basis of 
THD + N performance. During the distortion test, a high-speed 
digital pattern generator transmits digital data to each channel of 
the device under test. Eighteen-bit data is latched into the DAC 
at 352,8 kHz (8 x Fs). The test waveform is a 990.5 kHz sine 
wave with 0 dB, -20 dB and -60 dB amplitudes. A 4096 point 
FFT calculates total harmonic distortion + noise, signal-to-noise 
ratio, D-Range and channel separation. No deglitchers or MSB 
trims are used. 

OPTIONAL MSB ADJUSTMENT 

Use of optional adjust circuitry allows residual distortion error 
to be eliminated. This distortion is especially important when 
low-amplitude signals are being reproduced. The MSB-adjust 
circuitry is shown in Figure 8. The trim pot should be adjusted 
to produce the lowest distortion using an input signal with a 
—60 dB amplitude. 



Figure 8. Optional DIP THD+N Adjust Circuitry 
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Digital Circuit Considerations - ADI 864 


CURRENT OUTPUT MODE 

One or both channels of the AD 1864 can be operated in current 
output mode. Iqut can ^e used to directly drive an external 
current-to-voltage (I-V) converter. The internal feedback resis- 
tor, R F , can still be used in the feedback path of the external 
I-V converter, thus assuring that R F tracks the DAC over time 
and temperature. 

Of course, the AD 1864 can also be used in voltage output mode 
utilizing the onboard I-V converter. 


VOLTAGE OUTPUT MODES 

As shown in the AD 1864 block diagram, each channel of the 
AD 1864 is complete with an I-V converter and a feedback resis- 
tor. These can be connected externally to provide direct voltage 
output from one or both AD 1864 channels. Figure 7 shows 
these connections. I oux is connected to the summing junction, 
SJ. V OUT is connected to the feedback resistor, R F . This imple- 
mentation results in the lowest possible component count and 
achieves the performance shown on the specifications page while 
operating at 8 x F s . 


“innnnnnnnnjuuinnjmnnr 





Figure 9. ADI 864 Control Signals 


INPUT DATA 

Data is transmitted to the AD 1864 in a bit stream composed of 
18-bit words with a serial, 2s complement, MSB first format. 
Data Left (DL) and Data Right (DR) are the serial inputs for 
the left and right DACs, respectively. Similarly, Latch Left 
(LL) and Latch Right (LR) update the left and right DACs. 
The falling edges of LL and LR cause the last 18 bits which 
were clocked into the Serial Registers to be shifted into the 
DACs, thereby updating the DAC outputs. Left and Right 
channels share the Clock (CLK) signal. Data is clocked into the 
input registers on the rising edge of CLK. 

Figure 9 illustrates the general signal requirements for data 
transfer for the AD 1864. 


TIMING 

Figure 10 illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished prop- 
erly. The input pins of the AD 1864 are both TTL and 5 V 
CMOS compatible. 

The minimum clock rate of the AD 1864 is at least 12.7 MHz. 
This clock rate allows data transfer rates of 2x, 4x, 8x and 
16xF s (where F s equals 44.1 kHz). The applications section of 
this datasheet contains additional guidelines for using the 
AD1864. 



Figure 10. ADI 864 Timing Diagram 
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ADI 864 


-5V ANALOG SUPPLY +5V ANALOG SUPPLY 



LEFT 

CHANNEL 

OUTPUT 


RIGHT 

CHANNEL 

OUTPUT 


Figure 1 1. Complete 8 x F s 18-Bit CD Player 


18-BIT CD PLAYER DESIGN 

Figure 11 illustrates an 18-bit CD player design incorporating an 
AD1864 D/A converter, an AD712 or NE5532 dual op amp and 
the SM5813 digital filter chip manufactured by NPC. In this 
design, the SM5813 filter transmits left and right digital data to 
both channels of the ADI 864. The left and right latch signals, 
LL and LR, are both provided by the word clock signal 
(WCKO) of the digital filter. The digital filter supplies data at 
an 8 x F s oversample rate to each channel. 

The digital data is converted to analog output voltages by the 
output amplifiers on the AD 1864. Note that no external compo- 
nents are required by the AD 1864. Also, no deglitching cir- 
cuitry is required. 


An AD712 or NE5532 dual op amp is used to provide the out- 
put antialias filters required for adequate image rejection. One 
2-pole filter section is provided for each channel. An additional 
pole is created from the combination of the internal feedback 
resistors (R F ) and the external capacitors Cl and C2. For exam- 
ple, the nominal 3 kfl R F with a 360 pF capacitor for Cl and 
C2 will place a pole at approximately 147 kHz, effectively elimi- 
nating all high frequency noise components. 

Close matching of the ac characteristics of the amplifiers on the 
AD712 as well as their low distortion make it an ideal choice for 
the task. 

Low distortion, superior channel separation, low power con- 
sumption and a low component count are all realized by this 
simple design. 
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Applications— ADI 864 


VOICE 1 VOICE 2 VOICE 3 VOICE 4 VOICE 5 VOICE 6 

OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 



Figure 12. Cascaded ADI 864s in a Multichannel Keyboard 
Instrument 


MULTICHANNEL DIGITAL KEYBOARD DESIGN 

Figure 12 illustrates how to cascade AD 1864s to add multiple 
voices to an electronic musical instrument. In this example, the 
data and clock signals are shared between all six DACs. As the 
data representing an output for a specific voice is loaded, the 
appropriate DAC is updated. For example, after the 18 bits rep- 
resenting the next output value for Voice #4 is clocked out on 
the data line, then “Voice 4 Load” is pulled low. This produces 
a new output for Voice 4. Furthermore, all voices can be re- 
turned to the same output by pulling all six load signals low. 

In this application, the advantages of choosing the AD 1864 are 
clear. Its flexible digital interface allows the clock and data to be 
shared among all DACs. This reduces printed circuit board area 
requirements and also simplifies the actual layout of the board. 
The low power requirement of the AD 1864 (typically 215 mW) 
is an advantage in a multiple DAC system where its power ad- 
vantage is multiplied by the number of DACs used. The 


AD 1864 requires no external components, simplifying the de- 
sign, reducing the total number of components required and 
enhancing reliability. 

ADDITIONAL APPLICATIONS 

Figures 13 through 16 show connection diagrams for the 
AD 1864 and a number of standard digital filter chips from Ya- 
maha, NPC and Sony. Figure 13 shows the SM5814AP operat- 
ing with pipelined data. Cophase operation is not available with 
the SM5814AP in 18-bit mode. Figures 14 through 16 are all 
examples of cophase operation. Each application operates at 
8 x F s for each channel. The 2-pole Rauch low pass filters 
shown in Figure 1 1 can be used with all of the applications 
shown in this data sheet. The AD711 single op amp can also be 
used in these applications in order to ensure maximum channel 
separation. 
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ADI 864 


-5V ANALOG +5V ANALOG 

SUPPLY SUPPLY 



Figure 13. AD1864 with NPC SM5814AP Digital Filter 


-5V ANALOG +5V ANALOG 

SUPPLY SUPPLY 



Figure 14. ADI 864 with Yamaha YM3434 Digital Filter 
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Applications— ADI 864 



Figure 15. ADI 864 with Sony CXD1244S Digital Filter 


-5V ANALOG +5V ANALOG 

SUPPLY SUPPLY 



Figure 16. AD1864 with NPC SM5818AP Digital Filter 


REV. A 


AUDIO D/A CONVERTERS 5-53 













5-54 AUDIO D/A CONVERTERS 






FEATURES 

Dual Serial Input, Voltage Output DACs 
No External Components Required 
110 dB SNR 

0.003% THD+N 

Operates at 16 x Oversampling per Channel 

±5 Volt Operation 

Cophased Outputs 

116 dB Channel Separation 

Pin Compatible with ADI 864 

DIP or SOIC Packaging 

APPLICATIONS 

Multichannel Audio Applications: 

Compact Disc Players 
Multivoice Keyboard Instruments 
DAT Players and Recorders 
Digital Mixing Consoles 
Multimedia Workstations 

PRODUCT DESCRIPTION 

The AD 1865 is a complete, dual 18-bit DAC offering excellent 
THD+N and SNR while requiring no external components. 
Two complete signal channels are included. This results in 
cophased voltage or current output signals and eliminates the 
need for output demultiplexing circuitry. The monolithic 
AD 1865 chip includes CMOS logic elements, bipolar and MOS 
linear elements and laser-trimmed thin-film resistor elements, all 
fabricated on Analog Devices’ ABCMOS process. 

The DACs on the AD 1865 chip employ a partially segmented 
architecture. The first four MSBs of each DAC are segmented 
into 15 elements. The 14 LSBs are produced using standard 
R-2R techniques. Segment and R-2R resistors are laser trimmed 
to provide extremely low total harmonic distortion. This archi- 
tecture minimizes errors at major code transitions resulting in 
low output glitch and eliminating the need for an external 
deglitcher. When used in the current output mode, the AD 1865 
provides two ± 1 mA output signals. 

Each channel is equipped with a high performance output am- 
plifier. These amplifiers achieve fast settling and high slew rate, 
producing ±3 V signals at load currents up to 8 mA. Each out- 
put amplifier is short-circuit protected and can withstand indefi- 
nite short circuits to ground. 

The AD 1865 was designed to balance two sets of opposing re- 
quirements, channel separation and DAC matching. High chan- 
nel separation is the result of careful layout. At the same time, 
both channels of the AD 1865 have been designed to ensure 
matched gain and linearity as well as tracking over time and 
temperature. This assures optimum performance when used in 
stereo and multi-DAC per channel applications. 


Complete Dual 18-Bit 
16 x F s Audio DA C 

ADI 865* 


FUNCTIONAL BLOCK DIAGRAM 
(DIP Package) 

-V s \T ADI 865 24 ] +Vs 



A versatile digital interface allows the AD 1865 to be directly 
connected to standard digital filter chips. This interface employs 
five signals: Data Left (DL), Data Right (DR), Latch Left 
(LL), Latch Right (LR) and Clock (CLK). DL and DR are the 
serial input pins for the left and right DAC input registers. In- 
put data bits are clocked into the input register on the rising 
edge of CLK. A low-going latch edge updates the respective 
DAC output. For systems using only a single latch signal, LL 
and LR may be connected together. For systems using only one 
DATA signal, DR and DL may be connected together. 
TheAD1865 operates with ±5 V power supplies. The digital sup- 
ply, V L , can be separated from the analog supplies, V s and - V s , 
for reduced digital feedthrough. Separate analog and digital 
ground pins are also provided. The AD 1865 typically dissipates 
only 225 mW, with a maximum power dissipation of 260 mW. 

The AD 1865 is packaged in both a 24-pin plastic DIP and a 
28-pin SOIC package. Operation is guaranteed over the temper- 
ature range of -25°C to +70°C and over the voltage supply 
range of ±4.75 V to ±5.25 V. 

PRODUCT HIGHLIGHTS 

1. The AD 1865 is a Complete Dual 18-Bit Audio DAC. 

2. 1 10 dB Signal-To-Noise Ratio for low noise operation. 

3. THD+N is typically 0.003%. 

4. Interchannel gain and midscale matching. 

5. Output voltages and currents are cophased. 

6. Low glitch for improved sound quality. 

7. Both channels are 100% tested at 16 x F s . 

8. Low Power— only 225 mW typ, 260 mW max. 

9. Five-wire interface for individual DAC control. 

10. 24-pin DIP or 28-pin SOIC packages available. 


‘Protected by U.S. Patents Nos.: RE 30,586; 3,961,326; 4,141,004; 
4,349,811; 4,855,618. 4,857,862. 
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ADI 865 -SPECIFICATIONS 


(T a = +25°C, +V L = +V S = +5 V and -V s = -5 V, F s = 705.6 kHz, no MSB 
adjustment or deglitcher) 


Parameter 

Min 

Typ 

Max 

Unit 

RESOLUTION 

18 

Bits 

DIGITAL INPUTS V IH 

2.0 


+v L 

V 

v IL 



0.8 

V 

IlH> V IH = +V L 



1.0 

jxA 

IiL, V IL = 0.4 V 



-10 

p-A 

Clock Input Frequency 

13.5 



MHz 

ACCURACY 





Gain Error 


0.2 

1.0 

% of FSR 

Interchannel Gain Matching 


0.3 

0.8 

% of FSR 

Midscale Error 


4 


mV 

Interchannel Midscale Matching 


5 


mV 

Gain Linearity (0 dB to -90 dB) 


<2 


dB 

DRIFT (0°C to + 70°C) 





Gain Drift 


±25 


ppm of FSR/°C 

Midscale Drift 


±4 


ppm of FSR/°C 

TOTAL HARMONIC DISTORTION + NOISE* 





0 dB, 990.5 Hz AD1865N, R 


0.004 

0.006 

% 

AD1865N-J, R-J 


0.003 

0.004 

% 

-20 dB, 990.5 Hz AD1865N, R 


0.010 

0.040 

% 

AD1865N-J, R-J 


0.010 

0.020 

% 

-60 dB, 990.5 Hz AD1865N, R 


1.0 

4.0 

% 

AD1865N-J, R-J 


1.0 

2.0 

% 

CHANNEL SEPARATION* 





0 dB, 990.5 Hz 

110 

116 


dB 

SIGNAL-TO-NOISE RATIO* (20 Hz to 30 kHz) 

107 

110 


dB 

D-RANGE* (with A- Weight Filter) 





-60 dB, 990.5 Hz AD1865N, R 

88 

100 


dB 

AD1865N-J, R-J 

94 

100 


dB 

OUTPUT 





Voltage Output Configuration 





Output Range (± 1%) 

±2.94 

±3.0 

±3.06 

V 

Output Impedance 


0.1 


a 

Load Current 

±8 



mA 

Short Circuit Duration 


Indefinite to Common 



Current Output Configuration 





Bipolar Output Range ( ± 30%) 


±1 


mA 

Output Impedance (±30%) 


1.7 


kO 

POWER SUPPLY 





+V L and +V S 

4.75 

5.0 

5.25 

V 

-V s 

-5.25 

-5.0 

-4.75 

V 

+1, +V L and +V S = +5 V 


22 

26 

mA 

-I, -V s = -5 V 


-23 

-26 

mA 

POWER DISSIPATION, +V L = +V S = +5 V, -V s - -5 V 


225 

260 

mW 

TEMPERATURE RANGE 





Specification 

0 

+25 

+ 70 

°C 

Operation 

-25 


+70 

°C 

Storage 

-60 


+ 100 

°C 

WARMUP TIME 

1 

min 


Specifications shown in boldface are tested on production units at final test without optional MSB adjustment. 
^Tested in accordance with EIAJ Test Standard CP-307 with 18-bit data. 

Specifications subject to change without notice. 
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ADI 865 


ABSOLUTE MAXIMUM RATINGS* ‘Stresses greater than those liste 

V L to DGND 0 to 6.0 V cause permanent damage to tl 

\t ^ n /r a functional operation of the devit 

Vs to AGND 0 to 6.0 V indicated ^ operational , 

Vs AGND 6.0 to 0 V Exposure to absolute maximuir 

AGND to DGND ±0.3 V affect device reliability. 

Digital Inputs to DGND -0.3 to V L 

Short Circuit Protection Indefinite Short to Ground 

Soldering 300°C, 10 sec 

CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 


‘Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


WARNING! 


ESD SENSITIVE DEVICE 


ORDERING GUIDE 


PINOUT 

(24-Pin DIP Package) 


Model 

Temperature 

Range 

THD+N @ FS 

Package 

Option* 

AD1865N 

-25°C to +70°C 

0.006% 

N-24 

AD1865N-J 

-25°C to +70°C 

0.004% 

N-24 

AD1865R 

-25°C to +70°C 

0.006% 

R-28 

AD1865R-J 

-25°C to +70°C 

0.004% 

R-28 


RIGHT 

CHANNEL | n 


-—I LEFT 

271 Iqut channel 


*N = Plastic DIP, R = Small Outline IC Package. For outline information 
see Package Information section. 


PIN DESIGNATIONS 


DIP 

SOIC 



1 

22 

-V s 

Negative Analog Supply 

2 

23 

TRIM 

Right Channel Trim Network Connection 

3 

24 

MSB 

Right Channel Trim Potentiometer 

Wiper Connection 

4 

26 

loUT 

Right Channel Output Current 

5 

28 

AGND 

Analog Common Pin 

6 

1 

SJ 

Right Channel Amplifier Summing Junction 

7 

2 

Rf 

Right Channel Feedback Resistor 

8 

3 

VoUT 

Right Channel Output Voltage 

9 

4 

+V L 

Positive Digital Supply 

10 

5 

DR 

Right Channel Data Input Pin 

11 

6 

LR 

Right Channel Latch Pin 

12 

7 

CLK 

Clock Input Pin 

13 

8 

DGND 

Digital Common Pin 

14 

9 

LL 

Left Channel Latch Pin 

15 

10 

DL 

Left Channel Data Input Pin 

16 

11, 16, 
25,27 

18 NC 

No Internal Connection* 

17 

12 

VoUT 

Left Channel Output Voltage 

18 

13 

Rf 

Left Channel Feedback Resistor 

19 

14 

sj 

Left Channel Amplifier Summing Junction 

20 

15 

AGND 

Analog Common Pin 

21 

17 

loUT 

Left Channel Output Current 

22 

19 

MSB 

Left Channel Trim Potentiometer 

Wiper Connection 

23 

20 

TRIM 

Left Channel Trim Network Connection 

24 

21 

+v s 

Positive Analog Supply 


AGND [5 20J AGND 

■— ADI 865 —| 

SJ [6 191 SJ 

ZH TOP VIEW I Z 

R F [7_ (Not to Scale) 18] R F 


‘Pin 16 has no internal connection; -V L from AD1864 DIP socket can be safely applied. 


NC = NO CONNECT 


(28-Pin SOIC Package) 

sj El * ?§] AGND 

R f[T 2?] NC 

V OUT [7 26] 1 OUT 

+V L [T 25] NC 

DR [jf 24] MSB 

LR |1 ADI 865 I"™ 

CLK [7 22] -V s 

== TOP VIEW Z = 

DGND (_8_ (Not to Scale) 2lJ +V S 

LL [T 20] TRIM 

DL [To 19] MSB 

NC [TT iff] NC 

V OUT [12 TT] •out 

R F [?3 16] NC 

SJ |l4 15] AGND 

NC = NO CONNECT 
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ADI 865— Definition of Specifications 

TOTAL HARMONIC DISTORTION + NOISE 

Total harmonic distortion plus noise (THD+N) is defined as 
the ratio of the square root of the sum of the squares of the am- 
plitudes of the harmonics and noise to the value of the funda- 
mental input frequency. It is usually expressed in percent. 

THD+N is a measure of the magnitude and distribution of lin- 
earity error, differential linearity error, quantization error and 
noise. The distribution of these errors may be different, depend- 
ing on the amplitude of the output signal. Therefore, to be most 
useful, THD+N should be specified for both large (0 dB) and 
small (-20 dB, -60 dB) signal amplitudes. THD+N measure- 
ments for the AD 1865 are made using the first 19 harmonics 
and noise out to 30 kHz. 

SIGNAL-TO-NOISE RATIO 

The signal-to-noise ratio is defined as the ratio of the amplitude 
of the output when a full-scale code is entered to the amplitude 
of the output when a midscale code is entered. It is measured 
using a standard A-Weight filter. SNR for the AD 1865 is mea- 
sured for noise components out to 30 kHz. 

CHANNEL SEPARATION 

Channel separation is defined as the ratio of the amplitude of a 
full-scale signal appearing on one channel to the amplitude of 
that same signal which couples onto the adjacent channel. It is 
usually expressed in dB. For the AD 1865 channel separation 
is measured in accordance with EIAJ Standard CP-307, Section 
5.5. 

D-RANGE DISTORTION 

D-Range distortion is equal to the value of the total harmonic 
distortion + noise (THD+N) plus 60 dB when a signal level of 
-60 dB below full scale is reproduced. D-Range is tested with a 
1 kHz input sine wave. This is measured with a standard 
A-Weight filter as specified by EIAJ Standard CP-307. 

GAIN ERROR 

The gain error specification indicates how closely the output of a 
given channel matches the ideal output for given input data. It 
is expressed in % of FSR and is measured with a full-scale out- 
put signal. 

INTERCHANNEL GAIN MATCHING 

The gain matching specification indicates how closely the ampli- 
tudes of the output signals match when producing identical in- 
put data. It is expressed in % of FSR (Full-Scale Range - 6 V 
for the AD 1865) and is measured with full-scale output signals. 

MIDSCALE ERROR 

Midscale error is the deviation of the actual analog output of a 
given channel from the ideal output (0 V) when the twos com- 
plement input code representing half scale is loaded into the in- 
put register of the DAC. It is expressed in mV and is measured 
with half-scale output signals. 


INTERCHANNEL MIDSCALE MATCHING 

The midscale matching specification indicates how closely the 
amplitudes of the output signals of the two channels match 
when the twos complement input code representing half scale is 
loaded into the input register of both channels. It is expressed in 
mV and is measured with half-scale output signals. 

FUNCTIONAL DESCRIPTION 

The AD 1865 is a complete, monolithic, dual 18-bit audio DAC. 
No external components are required for operation. As shown in 
the block diagram, each chip contains two voltage references, 
two output amplifiers, two 18-bit serial input registers and two 
18-bit DACs. 

The voltage reference section provides a reference voltage for 
each DAC circuit. These voltages are produced by low-noise 
bandgap circuits. Buffer amplifiers are also included. This com- 
bination of elements produces reference voltages that are unaf- 
fected by changes in temperature and age. 

The output amplifiers use both MOS and bipolar devices and 
incorporate an all NPN output stage. This design technique pro- 
duces higher slew rate and lower distortion than previous tech- 
niques. Frequency response is also improved. When combined 
with the appropriate on-chip feedback resistor, the output op 
amps convert the output current to output voltages. 

The 18 -bit D/A converters use a combination of segmented de- 
coder and R-2R architecture to achieve consistent linearity and 
differential linearity. The resistors which form the ladder struc- 
ture are fabricated with silicon chromium thin film. Laser trim- 
ming of these resistors further reduces linearity errors resulting 
in low output distortion. 

The input registers are fabricated with CMOS logic gates. These 
gates allow the achievement of fast switching speeds and low 
power consumption, contributing to the low glitch and low 
power dissipation of the AD 1865. 


-v s 

TRIM 

MSB 

•out 

AGND 

SJ 

r F 

V 0 UT 

+ V L 

DR 

LR 

CLK 


+Vs 

TRIM 
MSB 

■out 
AGND 

SJ 
r F 
V 0 UT 
NC 
DL 
LL 

DGND 

NC = NO CONNECT 



ADI 865 Block Diagram (DIP Package ) 
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Typical Performance Data— ADI 865 
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Figure 1. THD+N (dB) vs. Frequency (kHz) 
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Figure 2. Channel Separation (dB) vs. Frequency (kHz) 



Figure 3. THD+N (%) vs. Temperature (°C) 
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Figure 4. THD+N (dB) vs. Load Resistance (W 


Figure 5. Gain Linearity (dB) vs. Input Amplitude (dB) 
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ADI 865— Analog Circuit Consideration 

GROUNDING RECOMMENDATIONS 

The AD 1865 has three ground pins, two labeled AGND and 
one labeled DGND. AGND, the analog ground pins, are the 
“high quality” ground references for the device. To minimize 
distortion and reduce crosstalk between channels, the analog 
ground pins should be connected together only at the analog 
common point in the system. As shown in Figure 6, the AGND 
pins should not be connected at the chip. 



Figure 6. Recommended Circuit Schematic 

The digital ground pin returns ground current from the digital 
logic portions of the AD 1865 circuitry. This pin should be con- 
nected to the digital common pin in the system. Other digital 
logic chips should also be referred to that point. The analog and 
digital grounds should be connected together at one point in the 
system, preferably at the power supply. 

POWER SUPPLIES AND DECOUPLING 

The AD 1865 has three power supply input pins. ±V S provides 
the supply voltages which operate the analog portions of the 
DAC including the voltage references, output amplifiers and 
control amplifiers. The ±V S supplies are designed to operate 
from ±5 V supplies. Each supply should be decoupled to analog 
common using a 0.1 jjlF capacitor in parallel with a 10 |xF ca- 
pacitor. Good engineering practice suggests that the bypass ca- 
pacitors be placed as close as possible to the package pins. This 
minimizes the parasitic inductive effects of printed circuit board 
traces. 

The +V L supply operates the digital portions of the chip in- 
cluding the input shift registers and the input latching circuitry. 
This supply should be bypassed to digital common using a 
0.1 |xF capacitor in parallel with a 10 p,F capacitor. +V L oper- 
ates with a +5 V supply. In order to assure proper operation of 
the AD 1865, -V s must be the most negative power supply volt- 
age at all times. 

Though separate positive power supply pins are provided for 
the analog and digital portions of the AD 1865, it is also possible 
to use the AD 1865 in systems featuring a single +5 V power 
supply. In this case, both the +V S and +V L input pins should 


be connected to the single +5 V power supply. This feature al- 
lows reduction of the cost and complexity of the system power 
supply. 

As with most linear circuits, changes in the power supplies will 
affect the output of the DAC. Analog Devices recommends that 
well regulated power supplies with less than 1% ripple be incor- 
porated into the design of an audio system. 

DISTORTION PERFORMANCE AND TESTING 

The THD+N figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. The THD+N specification, therefore, 
provides a direct method to classify and choose an audio DAC 
for a desired level of performance. Figure 1 illustrates the typi- 
cal THD + N performance of the AD 1865 versus frequency. A 
load impedance of at least 1.5 kfl is recommended for best 
THD + N performance. 

Analog Devices tests and grades all AD 1865s on the basis of 
THD + N performance. During the distortion test, a high-speed 
digital pattern generator transmits digital data to each channel of 
the device under test. Eighteen-bit data is transmitted at 
705.6 kHz (16 x F s ). The test waveform is a 990.5 Hz sine 
wave with 0 dB, -20 dB and -60 dB amplitudes. A 4096 point 
FFT calculates total harmonic distortion + noise, signal-to-noise 
ratio, D-Range and channel separation. No deglitchers or MSB 
trims are used in the testing of the AD 1865. 

OPTIONAL MSB ADJUSTMENT 

Use of optional adjust circuitry allows residual distortion error 
to be eliminated. This distortion is especially important when 
low amplitude signals are being reproduced. The MSB adjust 
circuitry is shown in Figure 7. The trim potentiometer should 
be adjusted to produce the lowest distortion using an input sig- 
nal with a -60 dB amplitude. 



Figure 7. Optional THD+N Adjust Circuitry 
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Digital Circuit Considerations— ADI 865 


CURRENT OUTPUT MODE 

One or both channels of the AD 1865 can be operated in current 
output mode. I oux can be used to directly drive an external 
current-to- voltage (I-V) converter. The internal feedback resis- 
tor, R F , can still be used in the feedback path of the external 
I-V converter, thus assuring that R F tracks the DAC over time 
and temperature. 

Of course, the AD 1865 can also be used in voltage output mode 
in order to utilize the onboard I-V converter. 


VOLTAGE OUTPUT MODES 

As shown on the block diagram, each channel of the AD 1865 is 
complete with an I-V converter and a feedback resistor. These 
can be connected externally to provide direct voltage output 
from one or both ADI 865 channels. Figure 6 shows these con- 
nections. Iqut is connected to the Summing Junction, SJ. 

V 0 ut 1S connected to the feedback resistor, R F . This implemen- 
tation results in the lowest possible component count and 
achieves the specifications shown on the Specifications page 
while operating at 16 x F s . 






Figure 8. ADI 865 Control Signals 


INPUT DATA 

Data is transmitted to the AD 1865 in a bit stream composed of 
18-bit words with a serial, twos complement, MSB first format. 
Data Left (DL) and Data Right (DR) are the serial inputs for 
the left and right DACs, respectively. Similarly, Latch Left 
(LL) and Latch Right (LR) update the left and right DACs. 
The falling edge of LL and LR cause the last 18 bits which 
were clocked into the Serial Registers to be shifted into the 
DACs, thereby updating the DAC outputs. Left and Right 
channels share the Clock (CLK) signal. Data is clocked into the 
input registers on the rising edge of CLK. 

Figure 8 illustrates the general signal requirements for data 
transfer for the AD 1865. 


TIMING 

Figure 9 illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished prop- 
erly. The input pins of the AD 1865 are both TTL and 5 V 
CMOS compatible. 

The minimum clock rate of the AD 1865 is at least 13.5 MHz. 
This clock rate allows data transfer rates of 2x, 4x, 8x and 
16 x F s (where F s equals 44.1 kHz). 



Figure 9. ADI 865 Timing Diagram 
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AD1865 


-5V ANALOG SUPPLY +5V ANALOG SUPPLY 



LEFT 

CHANNEL 

OUTPUT 


RIGHT 

CHANNEL 

OUTPUT 


Figure 10. Complete 8 x F s 18-Bit CD Player 


18-BIT CD PLAYER DESIGN 

Figure 10 illustrates an 18-bit CD player design incorporating an 
AD 1865 D/A converter, an NE5532 dual op amp and the 
SM5813 digital filter chip manufactured by NPC. In this design, 
the SM5813 filter transmits left and right digital data to both 
channels of the AD 1865. The left and right latch signals, LL 
and LR, are both provided by the word clock signal (WCKO) of 
the digital filter. The digital filter supplies data at an 8 x F s 
oversample rate to each channel. 

The digital data is converted to analog output voltages by the 
output amplifiers on the AD 1865. Note that no external compo- 
nents are required by the AD 1865. Also, no deglitching cir- 
cuitry is required. 


An NE5532 dual op amp is used to provide the output antialias 
filters required for adequate image rejection. One 2-pole filter 
section is provided for each channel. An additional pole is cre- 
ated from the combination of the internal feedback resistors 
(R F ) and the external capacitors Cl and C2. For example, the 
nominal 3 kfl R F with a 360 pF capacitor for Cl and C2 will 
place a pole at approximately 147 kHz, effectively eliminating all 
high frequency noise components. 

Low distortion, superior channel separation, low power con- 
sumption and a low parts count are all realized by this simple 
design. 
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MULTICHANNEL DIGITAL KEYBOARD DESIGN 

Figure 11 illustrates how to cascade AD1865’s to add multiple 
voices to an electronic musical instrument. In this example, the 
data and clock signals are shared between all six DACs. As the 
data representing an output for a specific voice is loaded, the 
appropriate DAC is updated. For example, after the 18-bits rep- 
resenting the next output value for Voice 4 is clocked out on the 
data line, then “Voice 4 Load” is pulled low. This produces a 
new output for Voice 4. Furthermore, all voices can be returned 
to the same output by pulling all six load signals low. 


In this application, the advantages of choosing the AD 1865 are 
clear. Its flexible digital interface allows the clock and data to be 
shared among all DACs. This reduces PC board area require- 
ments and also simplifies the actual layout of the board. The 
low power requirements of the AD 1865 (approximately 
225 mW) is an advantage in a multiple DAC system where any 
power advantage is multiplied by the number of DACs used. 
The AD 1865 requires no external components, simplifying the 
design, reducing the total number of components required and 
enhancing reliability. 


VOICE 1 VOICE 2 VOICE 3 VOICE 4 VOICES VOICE 6 

OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 



Figure 11. Cascaded ADI 865s in a Multichannel Keyboard 
Instrument 
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ADDITIONAL APPLICATIONS 

Figures 12 through 14 show connection diagrams for the 
AD 1865 and standard digital filter chips from Yamaha, NPC 
and Sony. Each figure is an example of cophase operation oper- 
ating at 8 x F s for each channel. The 2-pole Rauch low pass 
filters shown in Figure 10 can be used with all of the applica- 
tions shown in this data sheet. 


-5V ANALOG +5V ANALOG 

SUPPLY SUPPLY 
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ANALOG 

DEVICES 


FEATURES 

Dual Serial Input, Voltage Output DACs 

Single +5 Volt Supply 

0.005% THD+N 

Low Power-45 mW 

115 dB Channel Separation 

Operates at 8x Oversampling 

16-Pin Plastic DIP or SOIC Package 

APPLICATIONS 

Multimedia Workstations 

PC Audio Add-In Boards 

Portable CD and DAT Players 

Automotive CD and DAT Players 

Noise Cancellation ~ 


Single Supply 
Dual 16-Bit Audio DAC 


ADI 866* 


FUNCTIONAL BLOCK DIAGRAM 


LL_ 16 -BIT 

, SERIAL 

DL REGISTER 


DR LL 


L r itU r ^ ister r REF 




PRODUCT DESCRIPTION 

The AD1866 is a complete dual 16-bit DAC offering excellent 
performance while requiring a single +5 V power supply. It is 
fabricated on Analog Devices’ ABCMOS wafer fabrication pro- 
cess. The monolithic chip includes CMOS logic elements, 
bipolar and MOS linear elements and laser trimmed, thin film 
resistor elements. Careful design and layout techniques have 
resulted in low distortion, low noise, high channel separation 
and low power dissipation. 

The DACs on the AD 1866 chip employ a partially segmented 
architecture. The first three MSBs of each DAC are segmented 
into 7 elements. The 13 LSBs are produced using standard 
R-2R techniques. The segments and R-2R resistors are laser 
trimmed to provide extremely low total harmonic distortion. 
The AD 1866 requires no deglitcher or trimming circuitry. 

Each DAC is equipped with a high performance output ampli- 
fier. These amplifiers achieve fast settling and high slew rate, 
producing ±1 V signals at load currents up to ±1 mA. The 
buffered output signal range is 1.5 V to 3.5 V. The 2.5 V refer- 
ence voltages eliminate the need for “false ground” networks. 

A versatile digital interface allows the AD 1866 to be directly 
connected to all digital filter chips. Fast CMOS logic elements 
allow for an input clock rate of up to 16 MHz. This allows for 
operation at 2x, 4x, 8x, or 16 x the sampling frequency 
(where F s = 44.1 kHz) for each channel. The digital input pins 
of the AD1866 are TTL and +5 V CMOS compatible. 


The AD 1866 operates on +5 V power supplies. The digital sup- 
ply, V L , can be separated from the analog supply, V s , for 
reduced digital feedthrough. Separate analog and digital ground 
pins are also provided. In systems employing a single +5 volt 
power supply, V L and V s should be connected together. In bat- 
tery operated systems, operation will continue even with 
reduced supply voltage. Typically, the AD 1866 dissipates 
45 mW. 

The AD 1866 is packaged in either a 16-pin plastic DIP or a 
16-pin plastic SOIC package. Operation is guaranteed over the 
temperature range of -35°C to +85°C and over the voltage sup- 
ply range of 4.75 V to 5.25 V. 


PRODUCT HIGHLIGHTS 

1. Single supply operation @ +5 V. 

2. 45 mW power dissipation. 

3. THD+N is 0.005% (typical). 

4. Signal-to-Noise Ratio is 95 dB (typical). 

5. 115 dB channel separation (typical). 

6. Compatible with all digital filter chips. 

7. 16-pin DIP and 16-pin SOIC packages. 

8. No deglitcher required. 

9. No external adjustments required. 


'Protected by U.S. Patent Nos: 3,961,326; 4,141,004; 4,349,811; 4,857,862; 
and patents pending. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADI 866 -SPECIFICATIONS 


(T a = 25°C and +5 V supplies unless otherwise noted) 



Min 

Typ 

Max 

Unit 

RESOLUTION 


16 

■ 

Bits 

DIGITAL INPUTS V,„ 

2.4 



V 

v IL 



0.8 

V 

IlHJ Vih - V L 


1.0 


|xA 

Iil. V IL = DGND 


-10.0 


jxA 

Maximum Clock Input Frequency 

13.5 



MHz 

ACCURACY 





Gain Error 


±3 


% of FSR 

Gain Matching 


±3 


% of FSR 

Miscale Error 


±30 


mV 

Midscale Error Matching 


±10 


mV 

Gain Linearity Error 




dB 

DRIFT (0°C to 70°C) 

m 




Gain Drift 


±100 


ppm/°C 

Midscale Drift 


^ ^130 


pV/°C 

TOTAL HARMONIC DISTORTION + NOISE 

, m/w ft ] 




0 dB, 990.5 Hz AD1866N 


0^ 0.005 

0.01 

% 

AD1866R rfvRV** 


0.005 

0.01 

% 

-20 dB, 990.5/Hz AD1866N ¥1 ^ f 

"" w 7 ,, 1 

% °.° 2 


% 

AD1866R * 

^ * % 

0.02 


% 

-60 dB, 990.5 Hz AD1866N \ ^ 

^ 1%, % 

2.0 


% 

AD1866R 

| 

'' 1 

2.0 


% 

CHANNEL SEPARATION 1 kHz, 0 dB 

108 

115 


dB 

SIGNAL-TO-NOISE RATIO (with A-Weight Filter) 


95 


dB 

D-RANGE (with A-Weight Filter) 


90 


dB 

OUTPUT 





Voltage Output Pins (V OL , V or ) 





Output Range (±3%) 

i 

±1 


V 

Output Impedance 

i 

0.1 


n 

Load Current 

t 

±1 


mA 

Bias Voltage Pins (V BL , V BR ) 





Output Range 


+2.5 


V 

Output Impedance 


350 


a 

POWER SUPPLY 





Specification, V L and V s 

4.75 

5 

5.25 

V 

Operation, V L and V s 

3.5 


5.25 

V 

+1, V L and V s = 5 V 


9 

13 

mA 

POWER DISSIPATION 


45 

65 

mW 

TEMPERATURE RANGE 





Operation 

-35 


85 

°C 

Storage 

-60 


100 

°C 


Specifications subject to change without notice. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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□ ANALOG 
DEVICES 


ADI 868* 


Single Supply 
Dual 18-Bit Audio DAC 


FEATURES 

Dual Serial Input, Voltage Output DACs 
Single +5 V Supply 

0.004% THD+N (typical) 

Low Power: 50 mW (typical) 

>115 dB Channel Separation (typical) 
Operates at 8x Oversampling 
16-Pin Plastic DIP or SOIC Package 

APPLICATIONS 

Portable Compact Disc Players 
Portable DAT Players and Recorders 
Automotive Compact Disc Players 
Automotive DAT Players 
Multimedia Workstations 


PRODUCT DESCRIPTION 

The AD 1868 is a complete dual 18-bit DAC offering excellent 
performance while requiring a single +5 V power supply. It is 
fabricated on Analog Devices’ ABCMOS wafer fabrication pro- 
cess. The monolithic chip includes CMOS logic elements, bipo- 
lar and MOS linear elements, and laser-trimmed thin-film 
resistor elements. Careful design and layout techniques have 
resulted in low distortion, low noise, high channel separation, 
and low power dissipation. 

The DACs on the AD 1868 chip employ a partially segmented 
architecture. The first three MSBs of each DAC are segmented 
into seven elements. The 15 LSBs are produced using standard 
R-2R techniques. The segments and R-2R resistors are laser- 
trimmed to provide extremely low total harmonic distortion. 

The AD 1868 requires no deglitcher or trimming circuitry. 

Each DAC is equipped with a high performance output ampli- 
fier. These amplifiers achieve fast settling and high slew rate, 
producing ± 1 V signals at load currents up to ±1 mA. The 
buffered output signal range is 1.5 V to 3. 5 V. Reference volt- 
ages of 2.5 V are provided, eliminating the need for “False 
Ground” networks. 

A versatile digital interface allows the AD 1868 to be directly 
connected to all digital filter chips. Fast CMOS logic elements 
allow for an input clock rate of up to 13.5 MHz. This allows for 
operation at 2x, 4x, 8x , or 16 x the sampling frequency 
(where F s equals 44.1 kHz) for each channel. The digital input 
pins of the AD1868 are TTL and +5 V CMOS compatible. 


FUNCTIONAL BLOCK DIAGRAM 


V L 

LL 

DL 

CK 

DR 

LR 

DGND 

V B« 



v b l 

v s 

V 0 «- 

NRL 

AGND 

NRR 

VqR 

V S 


The AD 1868 operates on +5 V power supplies. The digital sup- 
ply, V L , can be separated from the analog supply, V s , for 
reduced digital feedthrough. Separate analog and digital ground 
pins are also provided. In systems employing a single +5 volt 
power supply, V L and V s should be connected together. In 
battery-operated systems, operation will continue even with 
reduced supply voltage. Typically, the AD1868 dissipates 
50 mW. 

The AD 1868 is packaged in either a 16-pin plastic DIP or a 
16-pin plastic SOIC package. Operation is guaranteed over the 
temperature range of -35°C to +85°C and over the voltage sup- 
ply range of 4.75 V to 5.25 V. 


PRODUCT HIGHLIGHTS 

1. Single-supply operation @ +5 V 

2. 50 mW power dissipation (typical) 

3. THD+N is 0.004% (typical) 

4. Signal-to-Noise Ratio is 97.5 dB (typical) 

5. >115 dB channel separation (typical) 

6. Compatible with all digital filter chips 

7. 16-pin DIP and 16-pin SOIC packages 

8. No deglitcher required 

9. No external adjustments required 


‘Protected by U.S. Patents Numbers: 3,961,326; 4,141,004; 4,349,811; 
4,857,862; and patents pending. 
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AD1868— SPECIFICATIONS (t, 


+25°C and +5 V supplies unless otherwise noted) 



Min 

Typ 

Max 

Units 

RESOLUTION 

18 

Bits 

DIGITAL INPUTS V IH 

2.4 



V 

v IL 



0.8 

V 

IlH> V IH = V L 


1.0 


|xA 

V IL = DGND 


1.0 


|xA 

Maximum Clock Input Frequency 

13.5 



MHz 

ACCURACY 





Gain Error 


±1 


% of FSR 

Gain Matching 


±1 


% of FSR 

Midscale Error 


±15 


mV 

Midscale Error Matching 


±10 


mV 

Gain Linearity Error 


±3 


dB 

DRIFT (0°C to +70°C) 





Gain Drift 


±100 


ppm/°C 

Midscale Drift 


±100 


|xV/°C 

TOTAL HARMONIC DISTORTION + NOISE 





0 dB, 990.5 Hz AD1868N, R 


0.004 

0.008 

% 

AD1868N-J, R-J 


0.004 

0.006 

% 

-20 dB, 990.5 Hz AD1868N, R 


0.020 

0.08 

% 

AD1868N-J, R-J 


0.020 

0.08 

% 

-60 dB, 990.5 Hz AD1868N, R 


2.0 

5.0 

% 

AD1868N-J, R-J 


2.0 

5.0 

% 

CHANNEL SEPARATION 1 kHz, 0 dB 

108 

>115 


dB 

SIGNAL-TO-NOISE RATIO (with A-Weight Filter) 

95 

97.5 


dB 

D-RANGE (with A-Weight Filter) 

86 

92 


dB 

OUTPUT 





Voltage Output Pins (V 0 L, V 0 R) 





Output Range (±3%) 


±1 


V 

Output Impedance 


0.1 


a 

Load Current 


±1 


mA 

Bias Voltage Pins (V B L, V B R) 





Output Voltage 


+2.5 


V 

Output Impedance 


350 


n 

POWER SUPPLY 





Specification, V L and V s 

4.75 

5 

5.25 

V 

Operation, V L and V s 

3.5 


5.25 

V 

+1, V L and V s = 5 V 


10 

14 

mA 

POWER DISSIPATION 


50 

70 

mW 

TEMPERATURE RANGE 





Operation 

-35 


85 

°C 

Storage 

-60 


100 

°C 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS* 


V L to DGND 0 to 6 V 

V s to AGND 0 to 6 V 

AGND to DGND ±0.3 V 

Digital Inputs to DGND -0.3toV L 

Soldering 300°C, 10 sec 


♦Stresses greater than those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a Stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 
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ADI 868 


Typical Performance of the ADI 868 


-30 



0.5 2.5 4.5 6.5 8.5 10.5 12.5 14.5 16.5 18.5 20.5 

FREQUENCY - kHz 

Figure 1. THD+N vs. Frequency 



VOLTAGE SUPPLY 


Figure 3. THD+N vs. Supply Voltage 



Figure 5. THD+N vs. Temperature 



FREQUENCY -Hz 


Figure 2. Channel Separation vs. Frequency 



INPUT AMPLITUDE - dB 


Figure 4. Gain Linearity Error vs. Input Amplitude 



SUPPLY MODULATION FREQUENCY - Hz 


Figure 6. Power Supply Rejection Ratio vs. Frequency 
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ADI 868 


PIN CONFIGURATIONS 



PIN DESIGNATIONS 


1 

v L 

Digital Supply (+5 Volts) 

2 

LL 

Left Channel Latch Enable 

3 

DL 

Left Channel Data Input 

4 

CK 

Clock Input 

5 

DR 

RIGHT Channel Data Input 

6 

LR 

RIGHT Channel Latch Enable 

7 

DGND 

Digital Common 

8 

V b R 

Right Channel Bias 

9 

V s 

Analog Supply (+5 Volts) 

10 

v 0 R 

Right Channel Output 

11 

NRR 

Right Channel Noise Reduction 

12 

AGND 

Analog Common 

13 

NRL 

Left Channel Noise Reduction 

14 

V 0 L 

Left Channel Output 

15 

V s 

Analog Supply (+5 Volts) 

16 

V b L 

Left Channel Bias 


DEFINITION OF SPECIFICATIONS 

Total Harmonic Distortion + Noise 

Total harmonic distortion plus noise (THD+N) is defined as 

the ratio of the square root of the sum of the squares of the 

amplitudes of the harmonics and noise to the amplitude of the 

fundamental input frequency. It is usually expressed in percent 

(%) or decibels (dB). 

D-Range Distortion 

D-range distortion is the ratio of the amplitude of the signal at 
an amplitude of -60 dB to the amplitude of the distortion plus 
noise. In this case, an A-weight filter is used. The value speci- 
fied for D-range performance is the ratio measured plus 60 dB. 

Signal-to-Noise Ratio 

The signal-to-noise ratio is defined as the ratio of the amplitude 
of the output when a full-scale output is present to the ampli- 
tude of the output with no signal present. It is expressed in 
decibels (dB) and measured using an A-weight filter. 

Gain Linearity 

Gain linearity is a measure of the deviation of the actual output 
amplitude from the ideal output amplitude. It is determined by 
measuring the amplitude of the output signal as the amplitude 
of that output signal is digitally reduced to a lower level. A per- 
fect D/A converter exhibits no difference between the ideal and 
actual amplitudes. Gain linearity is expressed in decibels (dB). 


Midscale Error 

Midscale error is the difference between the analog output and 
the bias when the twos complement input code representing 
midscale is loaded in the input register. Midscale error is 
expressed in mV. 

FUNCTIONAL DESCRIPTION 

The AD 1868 is a complete, voltage output dual 18-bit digital 
audio DAC which operates with a single +5 volt supply. As 
shown in the block diagram, each channel contains a voltage 
reference 18-bit, serial-to-parallel input register, 18-bit input- 
latch, 18-bit DAC, and an output amplifier. 

The voltage reference section provides a reference voltage and a 
false ground voltage for each channel. The low noise bandgap 
circuits produce reference voltages that are unaffected by 
changes in temperature, time, and power supply. 

The output amplifier uses both MOS and bipolar devices and 
incorporates an NPN class-A output stage. It is designed to pro- 
duce high slew rate, low noise, low distortion, and optimal fre- 
quency response. 

Each 18-bit DAC uses a combination of segmented decoder and 
R-2R architecture to achieve good integral and differential lin- 
earity. The resistors which form the ladder structure are fabri- 
cated with silicon-chromium thin film. Laser-trimming of these 
resistors further reduces linearity error, resulting in low output 
distortion. 

The input registers are fabricated with CMOS logic gates. These 
gates allow fast switching speeds and low power consumption, 
contributing to the fast digital timing, low glitch, and low power 
dissipation of the AD 1868. 


V L 

LL 

DL 

CK 

DR 

LR 

DGND 

v b r 



v b l 

v s 

V 0 »- 

NRL 

AGND 

NRR 

V 0 R 

V S 


AD 1868 Functional Block Diagram 
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Circuit Considerations— ADI 868 


ANALOG CIRCUIT CONSIDERATIONS 

GROUNDING RECOMMENDATIONS 

The AD1868 has two ground pins, designated as AGND (Pin 
12) and DGND (Pin 7). The analog ground, AGND, serves as 
the “high quality” reference ground for analog signals and as a 
return path for the supply current from the analog portion of 
the device. The system analog common should be located as 
close as possible to Pin 12 to minimize any voltage drop which 
may develop between these two points, although the internal 
circuit is designed to minimize signal dependence of the analog 
return current. 

The digital ground, DGND, returns ground current from the 
digital logic portion of the device. This pin should be connected 
to the digital common node in the system. As shown in Fig- 
ure 7, the analog and digital grounds should be joined at one 
point in the system. When these two grounds are remotely con- 
nected such as at the power supply ground, care should be 
taken to minimize the voltage difference between the DGND 
and AGND pins in order to ensure the specified performance. 

POWER SUPPLIES AND DECOUPLING 

The AD1868 has three power supply input pins. V s (Pins 9 and 
15) provide the supply voltages which operate the analog portion 
of the device including the 18-bit DACs, the voltage references, 
and the output amplifiers. The V s supplies are designed to oper- 
ate with a +5 V supply. These pins should be decoupled to ana- 
log common using a 0.1 p,F capacitor. Good engineeringpractice 
suggests that the bypass capacitors be placed as close as possible 
to the package pins. This minimizes the inherent inductive 
effects of printed circuit board traces. 

V L (Pin 1) operates the digital portions of the chip including the 
input shift registers and the input latching circuitry. V L is also 
designed to operate with a +5 V supply. This pin should be 
bypassed to digital common using a 0. 1 p.F capacitor, again 
placed as close as possible to the package pin. Figure 7 illus- 
trates the correct connection of the digital and analog supply 
bypass capacitors. 

An important feature of the AD 1868 audio DAC is its ability to 
operate at reduced power supply voltages. This feature is very 
important in portable battery-operated systems. As the batteries 
discharge, the supply voltage drops. Unlike any other audio 
DAC, the ADI 868 can continue to function at supply voltages 
as low as 3.5 V. Because of its unique design, the power 
requirements of the AD 1868 diminish as the battery voltage 
drops, further extending the operating time of the system. 


POWER 

SUPPLY 



Figure 7. Recommended Circuit Schematic 

NOISE REDUCTION CAPACITORS 

The AD 1868 has two noise-reduction pins designated as NRL 
(Pin 13) and NRR (Pin 11). It is recommended that external 
noise-reduction capacitors be connected from these pins to 
AGND to reduce the output noise contributed by the voltage 
reference circuitry. As shown in Figure 7, each of these pins 
should be bypassed to AGND with a 4.7 fxF or larger capacitor. 
The connections between the capacitors, package pins and 
AGND should be as short as possible to achieve the lowest 
noise. 

USING V b L AND V B R 

The AD 1868 has two bias voltage reference pins, designated as 
V b R (Pin 8) and V B L (Pin 16). These pins supply a dc refer- 
ence voltage equal to the center of the output voltage swing. 
These bias voltages replace “False Ground” networks previously 
required in single-supply audio systems. At the same time, they 
allow dc-coupled systems, improving audio performance. 

Figure 8a illustrates the traditional approach used to generate 
False Ground voltages in single-supply audio systems. This cir- 
cuit requires additional power and circuit board space. 



Figure 8a. Schematic Using False Ground 
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Figure 8b. Circuitry Using Voltage Biases 

The AD 1868 eliminates the need for “False Ground” circuitry. 
V b R and V B L generate the required bias voltages previously 
generated by the “False Ground.” As shown in Figure 8b, V B R 
and V b L may be used as the reference point in each output 
channel. This permits a dc-coupled output signal path. This 
eliminates ac-coupling capacitors and improves low frequency 
performance. It should be noted that these bias outputs have 
relatively high output impedance and will not drive output 
currents larger than 100 fxA without degrading the specified 
performance. 

DISTORTION PERFORMANCE AND TESTING 

The THD+N figure of an audio DAC represents the amount of 
undesirable signal produced during reconstruction and playback 
of an audio waveform. Therefore, the THD+N specification 
provides a direct method to classify and choose an audio DAC 
for a desired level of performance. 


Figure 1 illustrates the typical THD+N versus frequency per- 
formance of the AD1868. It is evident that the THD+N perfor- 
mance of the AD 1868 remains stable at all three levels through a 
wide range of frequencies. A load impedance of at least 2 kH is 
recommended for best THD+N performance. 

Analog Devices tests and grades all AD 1868s on the basis of 
THD+N performance. During the distortion test, a high speed 
digital pattern generator transmits digital data to each channel of 
the device under test. Eighteen-bit data is latched into the DAC 
at 352.8 kHz (8x F s ). The test waveform is a 990.5 Hz sine 
wave with 0 dB, -20 dB, and -60 dB amplitudes. A 4096-point 
FFT calculates total harmonic distortion + noise, signal-to-noise 
ratio, and D-range. No deglitchers or external adjustments are 
used. 

DIGITAL CIRCUIT CONSIDERATIONS 
INPUT DATA 

The AD 1868 digital input port employs five signals: Data Left 
(DL), Data Right (DR), Latch Left (LL), Latch Right (LR) 
and Clock (CLK). DL and DR are the serial inputs for the left 
and right DACs, respectively. Input data bits are clocked into 
the input register on the rising edge of CLK. The falling edges 
of LL and LR cause the last 18 bits which were clocked into the 
serial registers to be shifted into the DACs, thereby updating 
the respective DAC outputs. For systems using only a single 
latch signal, LL and LR may be connected together. For sys- 
tems using only one DATA signal, DR and DL may be con- 
nected together. Data is transmitted to the AD 1868 in a bit 
stream composed of 18-bit words with a serial, twos comple- 
ment, MSB first format. Left and right channels share the 
Clock (CLK) signal. 

Figure 9 illustrates the general signal requirements for data 
transfer for the AD1868. 
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Figure 9. ADI 868 Control Signals 
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TIMING 

Figure 10 illustrates the specific timing requirements that must 
be met in order for the data transfer to be accomplished prop- 
erly. The input pins of the AD1868 are TTL and 5 V CMOS 
compatible. 

The maximum clock rate of the AD 1868 is specified to be at 
least 13.5 MHz. This clock rate allows data transfer rates of 2x, 
4x, 8x, and 16x F s (where F s equals 44.1 kHz). The applica- 
tions section of this data sheet contains additional guidelines for 
using the AD 1868. 



APPLICATIONS OF THE AD1868 

The AD 1868 is a high performance audio DAC specifically 
designed for portable and automotive digital audio applications. 
These market segments have technical requirements fundamen- 
tally different than those found in the high end or home-use 
market segments. Portable equipment must rely on components 
which require low amounts of power to offer reasonable playing 
times. Also, battery voltages drop as the end of the discharge 
cycle is approached. The AD1868’s ability to operate from a 
single +5 V supply makes it a good choice for battery-operated 
gear. As the battery voltage drops, the power dissipation of the 


AD 1868 drops. This extends the usable battery life. Finally, as 
the battery supply voltage drops, the bias voltages and signal 
swings also drop, preventing signal clipping and abrupt degrada- 
tion of distortion. Figure 3 illustrates that THD+N perfor- 
mance of the AD 1868 remains constant through a wide range of 
supply voltages. 

Automotive equipment rely on components which are able to 
consistently perform in a wide range of temperatures. In addi- 
tion, due to the limited space available in automotive applica- 
tions, small size is essential. The AD1868 is able to satisfy both 
of these requirements. The device has guaranteed operation 
between -35°C and +85°C, and the 16-pin DIP or 16-pin SOIC 
package is particularly attractive where overall size is 
important. 

Since the ADI 868 provides dc bias voltages, the entire signal 
chain can be dc-coupled. This eliminate ac-coupling capacitors 
from the signal path, improving low frequency performance and 
lowering system cost and size. 

In summary, the AD 1868 is an excellent choice for battery- 
operated portable or automotive digital audio systems. In the 
following sections, some examples of high performance audio 
applications featuring the AD1868 are described. 

AD1868 with Sony CXD2550P Digital Filter 
Figure 11 illustrates an 18-bit CD player design incorporating an 
AD 1868 DAC, a Sony CXD2550P digital filter and 2-pole anti- 
alias filters. This high performance, single-supply design oper- 
ates at 8x F s and is suitable for portable and automotive 
applications. In this design, the CXD2550P filter transmits left 
and right channel digital data to the AD1868. The left and right 
latch signals, LL and LR, are both provided by the word clock 
signal (LRCKO) of the digital filter. The digital data is con- 
verted to low distortion output voltages by the output amplifiers 
on the AD 1868. Also, no deglitching circuitry or external 
adjustments are required. Bypass capacitors, noise-reduction 
capacitors and the antialias filter details are omitted for clarity. 


♦SV POWER 
SUPPLY 
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ADI 868— Applications 

ADDITIONAL APPLICATIONS Figures 12, 13, and 14 show connection diagrams for the 

In addition to CD player designs, the AD 1868 is suitable for AD 1868 with popular digital filter chips from NPC and 

similar applications such as DAT, portable musical instruments, Yamaha. Each application operates at 8x F s operation. Please 

Laptop and Notebook personal computers, and PC audio I/O refer to the appropriate sections of this data sheet for additional 

boards. The circuit techniques illustrated are directly applicable information, 
in those applications. 
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LEFT- 

CHANNEL 

OUTPUT 


RIGHT 

CHANNEL 

OUTPUT 


Figure 12. ADI 868 with NPC SM5813 Digital Filter 
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Figure 13. AD1868 with NPC SM5818AP Digital Filter 
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ADI 868 


+5V POWER 
SUPPLY 



Figure 14. ADI 868 with Yamaha YM3434 Digital Filter 


ORDERING GUIDE 


Model 

THD+N 

@F S 

SNR 

Package 

Option* 

AD1868N 

0.008% 

95 dB 

N-I6 

AD1868R 

0.008% 

95 dB 

R-16 

AD1868N-J 

0.006% 

95 dB 

N-16 

AD1868R-J 

0.006% 

95 dB 

R-16 


*N = Plastic DIP; R = SOIC. For outline 
information see Package Information section. 
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Selection Guide 

Video Digital-to-Analog Converters 


RAM 



Clock Rate 

D/A Converter 

(Color Palette) 




Model 

MHZ 

Organization 

Size 

Overlays 

Page 

Comments 

ADV471 

35, 50, 66, 80 

Triple 6-Bit 

256 x 18 

15 x 18 

6-19 

ADV478 Pin-Compatible 

ADV476 

35, 40, 50, 66, 80, 100 

Triple 6-Bit 

256 x 18 


6-9 

Triple 6-Bit RAM-DAC 

ADV7141 

35, 50, 66 

Triple 6-Bit 

256 x 18 


6-49 

CEG - Effective 24-Bit True Color 

ADV7146 

35, 50, 66 

Triple 6-Bit 

256 x 18 


6-49 

CEG - Effective 24-Bit True Color 

ADV453 

40 

Triple 8-Bit 

256 x 24 

3 x 24 

6-3 

Triple 8-Bit RAM-DAC 

ADV478 

35, 50, 66, 80, 100 

Triple 8-Bit 

245 x 24 

15 x 24 

6-19 

Triple 8-Bit RAM-DAC 

ADV7148 

35, 50, 66 

Triple 8-Bit 

256 x 24 


6-49 

CEG - Effective 24-Bit True Color 

ADV7120 

35, 50, 80 

Triple 8-Bit 



6-31 

True Color DAC 

ADV7121 

35, 50, 80 

Triple 10-Bit 



6-37 

True Color DAC 

ADV7122 

35, 50, 80 

Triple 10-Bit 



6-37 

True Color DAC 



ANALOG 

DEVICES 


CMOS 66 MHz Monolithic 256x24 
Color Palette RAM-DAC 


ADV453 


FEATURES 

66MHz Pipelined Operation 
Triple 8-Bit D/A Converters 
256x24 Color Palette RAM 
3x24 Overlay Registers 
RS-343A/RS-1 70 Compatible Outputs 
+5V CMOS Monolithic Construction 
40-Pin DIP or Small 44-Pin PLCC Package 
Power Dissipation: lOOOmW 

APPLICATIONS 

High Resolution Color Graphics 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Desktop Publishing 

AVAILABLE CLOCK RATES 

66MHz 

40MHz 


FUNCTIONAL BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The ADV453 (ADV®) is a complete analog video output RAM- 
DAC on a single monolithic chip. It is specifically designed for 
high resolution color graphics systems. The part contains a 
256x24 color lookup table, a 3x24 overlay palette as well as 
triple 8-bit video D/A converters. The ADV453 is capable of 
simultaneously displaying up to 259 colors, 256 from the lookup 
table and three from the overlay registers, out of a total color 
palette of 16.8 million addressable colors. 

The three overlay registers allow for the implementation of over- 
laying cursors, pull down menus and grids. There is an indepen- 
dent, asynchronous MPU bus which allows access to the color 
lookup table without affecting the input of video data via the 
pixel port. The ADV453 is capable of generating RGB video 
output signals which are compatible with RS-343A and RS-170 
video standards, without requiring external buffering. 

The ADV453 is fabricated in a +5V CMOS process. Its mono- 
lithic CMOS construction ensures greater functionality with low 
power dissipation. The part is packaged in both a 0.6", 40-pin 
DIP and a 44-pin plastic leaded (J-lead) chip carrier, PLCC. 


PRODUCT HIGHLIGHTS 

1. Fast video refresh rate, 66MHz. 

2. Compatible with a wide variety of high resolution color 
graphics systems including VGA* and Macintosh II**. 

3. Three overlay registers allow for implementation of overlay- 
ing cursors, pull down menus and grids. 

4. Guaranteed monotonic. Integral and differential nonlinearities 
guaranteed to be a maximum of ±1LSB. 

5. Low glitch energy, 50pV secs. 


ADV is a registered trademark of Analog Devices, Inc. 

*VGA is a trademark of International Business Machines Corp. 
♦♦Macintosh II is a registered trademark of Apple Computer Inc. 
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AllVA'tt — ^PFrinPATinhK (V aa = +*V ±5%, V REF =+1.235V, R SET = 280ft. l SYNC connected to 106 
ftU Y*fuv vi LUIl lUnl lUliO ah specifications T min to T^ 1 unless otherwise noted.) 


Parameter 

All Versions 

Units 

Test Conditions/Comments 

STATIC PERFORMANCE 




Resolution (Each D AC) 

8 

Bits 


Accuracy (Each DAC) 




Integral Nonlinearity 

±1 

LSB max 


Differential Nonlinearity 

±1 

LSB max 

Guaranteed Monotonic 

Gray Scale Error 

±5% 

Gray Scale max 


Coding 


Binary 


DIGITAL INPUTS 




Input High Voltage, V INH 

2 

V min 


Input Low Voltage, V INL 

0.8 

V max 


Input Current, I IN 

± 1 

|xA max 

V IN = 0.4V or 2.4V 

Input Capacitance, C IN 

10 

pF typ 


DIGITAL OUTPUTS 




Output High Voltage, V OH 

2.4 

V min 

^SOURCE = 400|aA 

Output Low Voltage, V Q l 

0.4 

V max 

f sink = 3.2mA 

Floating State Leakage Current 

20 

pA max 


Floating State Output Capacitance 

20 

pF typ 


ANALOG OUTPUTS 




Gray Scale Current Range 

15 

mA min 



22 

mA max 


Output Current 




White Level Relative to Blank 

17.69 

mA min 

Typically 19.05mA 


20.40 

mA max 


White Level Relative to Black 

16.74 

mA min 

Typically 17.62mA 


18.50 

mA max 


Black Level Relative to Blank 

0.95 

mA min 

Typically 1.44mA 


1.90 

mA max 


Blank Level on IOR, IOB 

0 

jxA min 

Typically 5|xA 


50 

jjlA max 


Blank Level on IOG 

6.29 

mA min 

Typically 7.62mA 


8.96 

mA max 


Sync Level on IOG 

0 

fxA min 

Typically 5pA 


50 

fiA max 


LSB Size 

69.1 

jxA typ 


DAC to DAC Matching 

5 

% max 

Typically 2% 

Output Compliance, V oc 

-1 

V min 



+ 1.4 

V max 


Output Impedance, Rqut 

10 

kfl typ 


Output Capacitance, C oux 

30 

pF typ 

Iout = 0 mA 

VOLTAGE REFERENCE 




Voltage Reference Range, V REF 

1.14/1.26 

V min/V max 


Input Current, I V ref 

-5 

mA typ 


POWER SUPPLY 




Supply Voltage, V AA 

4.75/5.25 

V min/V max 


Supply Current, I AA 

275 

mA max 

Typically 220mA, 66MHz Parts 


250 

mA max 

Typically 190mA, 40MHz Parts 

Power Supply Rejection Ratio 

0.5 

%/% max 

Typically 0.12%/%, f = 1kHz, COMP =0.1pJF 

Power Dissipation 

1375 

mW max 

Typically lOOOmW, 66MHz Parts 


1250 

mW max 

Typically 900mW, 40MHz Parts 

DYNAMIC PERFORMANCE 




Clock and Data Feedthrough 2,3 

-30 

dB typ 


Glitch Impulse 2,3 

50 

pV secs typ 


DAC to DAC Crosstalk 

-23 

dB typ 



NOTE 

'Temperature Range (T min to T milx ); 0 to +70°C 

2 TTL input values are 0 to 3 volts, with input rise/fall times <3ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. Analog output load <10pF, 37.5ft. D0-D7 output load <50pF. See timing notes in Figure 2. 

3 Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, the digital inputs have a lkft resistor 
to ground and are driven by 74HC logic. Glitch impulse includes clock and data feedthrough, -3dB test bandwidth = 2 x clock rate. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS 1 <v M = +sv±5%, v ref =+i.235v, r set = 2 aon. i SYHt 

connected to I0G. All Specifications T mjn to T max 2 ). 


Parameter 

66MHz Version 

40MHz Version 

Units 

Conditions/Comments 

ffnax 

66 

40 

MHz max 

Clock Rate 

tl 

35 

35 

ns min 

CS, CO, Cl Setup Time 

t 2 

35 

35 

ns min 

CS, CO, Cl Hold Time 

*3 

25 

25 

ns min 

RD, WR High Time 

t4 

10 

10 

ns min 

RD Asserted to Data Bus Driven 

t 5 

100 

100 

ns max 

RD Asserted to Data Valid 

*6 

15 

15 

ns max 

RD Negated to Data Bus Three Stated 

t 7 

50 

50 

ns min 

WR Low Time 

l 8 

35 

35 

ns min 

Write Data Setup Time 

t 9 

0 

0 

ns min 

Write Data Hold Time 

l 10 

5 

7 

ns min 

Pixel & Control Setup Time 

til 

2 

3 

ns min 

Pixel & Control Hold Time 

tl2 

15 

25 

ns min 

Clock Cycle Time 

tl3 

5 

7 

ns min 

Clock Pulse Width High Time 

l 14 

5 

7 

ns min 

Clock Pulse Width Low Time 

tl5 

20 

20 

ns typ 

Analog Output Delay 


30 

30 

ns max 


tl6 

3 

3 

ns typ 

Analog Output Rise/Fall Time 

tl7 3 

25 

25 

ns typ 

Analog Output Settling Time 

tpD 

2 x t 12 

2xt 12 

ns max 

Pipeline Delay 

tsK 

1 

1 

ns typ 

Analog Output Skew 


2 

2 

ns max 



NOTES 

‘TTL input values are 0 to 3 volts, with input rise/fall times <3ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. Analog output load <10pF, 37.511. D0-D7 output load <50pF. See timing notes in Figure 2. 

’Temperature Range (T min to T max ); 0 to + 70°C. 

’Settling time does not include clock and data feedthrough. For this test, the digital inputs have a lkll resistor to ground and are driven by HC logic. 
Specifications subject to change without notice. 




2. SETTLING TIME( t 17 ) MEASURED FROM THE 50% POINT OF FULL SCALE 
TRANSITION TO THE OUTPUT REMAINING WITHIN ±1LSB. 

3. OUTPUT RISE/FALL TIME (t, 6 ) MEASURED BETWEEN THE 10% AND 90% POINTS 
OF FULL SCALE TRANSITION. 

Figure 2. Video Input/Output Timing 
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ADV453 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

Power Supply 
Ambient Operating 

Vaa 

4.75 

5.00 

5.25 

Volts 

Temperature 

t a 

0 


+ 70 

°C 

Output Load 

Ri. 


37.5 


n 

Reference Voltage 

Vref 

1.14 

1.235 

1.26 

Volts 


caution : 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


WARNING! 



ABSOLUTE MAXIMUM RATINGS* 

V AA to GND +7V 

Voltage on Any Digital Pin GND -0.5V to V AA +0.5V 

Ambient Operating Temperature (T A ) 0 to + 70°C 

Storage Temperature (T s ) -65°C to + 150°C 

Junction Temperature (Tj) + 175°C 

Lead Temperature (Soldering, 10 secs) + 300°C 

Vapor Phase Soldering (1 minute) + 220°C 

IOR, IOB, IOG to GND 1 0V to V AA 


NOTES 

^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Analog Output Short Circuit to any Power Supply or Common can be of an 
indefinite duration. 


PIN CONFIGURATIONS 


DIP PLCC 



ORDERING GUIDE 


Model 

Temperature 

Range 

Speed 

Package 

Option* 

ADV453KN66 

0°C to +70°C 

66MHz 

N-40A 

ADV453KN40 

0°C to +70°C 

40MHz 

N-40A 

ADV453KP66 

0°C to +70°C 

66MHz 

P-44A 

ADV453KP40 

0°C to +70°C 

40MHz 

P-44A 


NOTES 

*N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline 
information see Package Information section. 
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ADV453 

PIN FUNCTION DESCRIPTION 

Pin 

Mnemonic 

Function 

BLANK 

Composite blank control input (TTL compatible). A logic zero on this control input drives the analog outputs to 
the blanking level, as shown in Table V. The BLANK signal is latched on the rising edge of CLOCK. While 
BLANK is at logical zero, the pixel and overlay inputs are ignored. 

SYNC 

Composite sync control input (TTL compatible). A logical zero on the SYNC input switches off a 40 IRE current 
source on the I S ync output (see Figure 5). SYNC does not override any other control or data input, as shown in 
Table V; therefore, it should only be asserted during the blanking interval. SYNC is latched on the rising edge of 
CLOCK. 

CLOCK 

Clock input (TTL compatible). The rising edge of CLOCK latches the P0-P7 and OLO-OL1 data inputs as well 
as the SYNC and BLANK control inputs. It is typically the pixel clock rate of the video system. CLOCK should 
be driven by a dedicated TTL buffer. 

P0-P7 

Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the 256 entries in the 
color palette RAM is to be used to provide color information. P0-P7 pixel select inputs are latched on the rising 
edge of CLOCK. P0 is the LSB. Unused pixel select inputs should be connected to GND. 

OLO-OL1 

Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to provide color 
information (see Table IV), i.e., the 256x24 color palette or the 3x24 overlay palette. When accessing the 
overlay palette, the P0-P7 inputs are ignored. OLO-OL1 are latched on the rising edge of CLOCK. OLO is the 
LSB. Unused inputs should be connected to GND. 

IOR, IOG, IOB 

Red, green, and blue current outputs. These high impedance current sources are capable of directly driving a 
doubly terminated 75(1 coaxial cable, as shown in Figure 4a. All three current outputs should have similar output 
loads whether or not they are all being used. 

^SYNC 

Sync current output. This high impedance current source can be directly connected to the IOG output (see 

Figure 3). This allows sync information to be encoded onto the green channel. I S ync does not output any current 
while SYNC is at logical zero. The amount of current output at I S ync while SYNC is at logical one is given by: 
^sync (mA)= 1,728 * V REF (V)/ Rset (O). 

If sync information is not required on the green channel, I S ync should be connected to GND. 

FS ADJUST 

Full scale adjust control. A resistor (R S et) connected between this pin and GND (see Figure 6) controls the 
magnitude of the full scale video signal. Note that the IRE relationships in Figure 5 are maintained, regardless of 
the full scale output current. 

The relationship between R S et and the full scale output current on IOG (assuming I S ync is connected to IOG) is 
given by: 

IOG (mA) = (K + 326 + 1,728) * V ref (V)/R set (D) 

The relationship between R S et and the full scale output current on IOR and IOB is given by: 

IOR, IOB (mA) = (K + 326)* V ref (V)/R set ( 0) 
where K = 3,993 

COMP 

Compensation pin. This is a compensation pin for the internal reference amplifier. A O.ljxF ceramic capacitor 
must be connected between COMP and V AA (Figure 6). 

VreF 

Voltage reference input. An external 1.235V voltage reference must be connected to this pin. The use of an 
external resistor divider network is not recommended. A O.lfiF decoupling ceramic capacitor should be connected 
between V REF and V AA (Figure 6.) 

v AA 

Analog power supply (5V±5%). All V AA pins on the ADV453 must be connected. 

GND 

Analog ground. All GND pins must be connected. 

CS 

Chip select control input (TTL compatible). CS must be at logical zero to enable the reading and writing of data 
to and from the device. The IOR, IOG and IOB outputs are forced to the black level while CS is at logical zero. 
Note that the ADV453 will not operate properly if CS, RD and WR are simultaneously at logical zero. 

WR 

Write control input (TTL compatible). CS and WR must both be at logical zero when writing data to the device. 
DO-D7 data is latched on the rising edge of WR or CS. See Figure 1. 

RD 

Read control input (TTL compatible). CS and RD must both be at logical zero when reading data from the 
device. See Figure 1. 

CO, Cl 

Command control inputs (TTL compatible). CO and Cl specify the type of read or write operation being carried 
out, i.e., address register, color palette RAM or overlay registers read or write operations. See Tables I, II, III. 

D0-D7 

Data bus (TTL compatible). Data is transferred to and from the address register, the color palette RAM and the 
overlay registers over this 8-bit bidirectional data bus. DO is the least significant bit. 


REV. A 


VIDEO D/A CONVERTERS 6-7 





6-8 VIDEO D/A CONVERTERS 




ANALOG 

DEVICES 


CMOS Monolithic 256x18 
Color Palette RAM-DAC 


ADV476 


FEATURES 

Personal System/2* and VGA* Compatible 

Plug-in Replacement for INMOS 171/176 

66MHz Pipelined Operation 

Three 6-Bit D/A Converters 

256x18 Color Palette RAM 

RS-343A/RS-170 Compatible Outputs 

Blank on All Three Channels 

Standard MPU Interface 

Asynchronous Access to All Internal Registers 

+5V CMOS Monolithic Construction 

Low Power Dissipation 

Standard 28-Pin, 0.6" DIP and 44-Pin PLCC 

APPLICATIONS 

High Resolution Color Graphics 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Desktop Publishing 

AVAILABLE CLOCK RATES 

66MHz 

50MHz 

35MHz 

GENERAL DESCRIPTION 

The ADV476 (ADV®) is a pin compatible and software compati- 
ble RAM-DAC designed specifically for VGA and Personal Sys- 
tem/2 color graphics. 

The ADV476 is a complete analog output RAM-DAC on a sin- 
gle monolithic chip. The part contains a 256 x 18 color lookup 
table, a pixel mask register as well as a triple 6-bit video D/A 
converter. The ADV476 is capable of simultaneously displaying 
up to 256 colors, from a total color palette of 262,144 address- 
able colors. 


FUNCTIONAL BLOCK DIAGRAM 



PRODUCT HIGHLIGHTS 

1. Standard video refresh rates, 35MHz, 50MHz and 66MHz. 

2. Fully compatible with VGA and Personal System/2 color 
graphics. 

3. Guaranteed monotonic. Integral and differential linearity 
guaranteed to be a maximum of ±1LSB. 

4. Low glitch energy, 75pV secs. 


The on-chip asynchronous MPU bus allows access to the color 
lookup table without affecting the input video data via the pixel 
port. The pixel read mask register provides a convenient way of 
altering the displayed colors without updating the color lookup 
table. The ADV476 is capable of generating RGB video output 
signals which are compatible with RS-343A and RS-170 video 
standards, without requiring external buffering. 

The ADV476 is fabricated in a +5V CMOS process. Its mono- 
lithic CMOS construction ensures greater functionality with low 
power dissipation and small board area. The part is packaged in 
a 0.6", 28-pin DIP and a 44-pin PLCC. 


*Personal System/2 and VGA are trademarks of International Business 
Machines Corp. 

ADV is a registered trademark of Analog Devices, Inc. 
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ADV476 — SPECIFICATIONS All Specifications T mjn to unless otherwise noted.) 


Parameter 

All Versions 

Units 

Test Conditions/Comments 

STATIC PERFORMANCE 




Resolution (Each DAC) 

6 

Bits 


Accuracy (Each DAC) 




Integral Nonlinearity 

±0.5 

LSB max 

Guaranteed Monotonic 

Full Scale Error 

±5 

% max 

Full Scale = 2 . 1 5 x I REF x R L , I REF = 8.39mA 

Blank Level 

±0.5 

LSB max 

BLANK = Logic Low 

Offset Error 

±0.5 

LSB max 

BLANK = Logic High 

DIGITAL INPUTS 




Input High Voltage, V INH 

2 

V min 


Input Low Voltage, V INL 

0.8 

V max 


Input Current, I IN 

±10 

p.A max 

V CC = 5.5V, V in = 0.4V to V cc 

Input Current (RD Input Only) 

±100 

pA max 

V CC = 5.5V, V in = 0.4V to V CG 

Input Capacitance, C IN 

7 

pF typ 


DIGITAL OUTPUTS 




Output High Voltage, V OH 

2.4 

V min 

^source = 500jaA, V cc = 4.5V 

Output Low Voltage, V OL 

0.4 

V max 

^sink = 5.0mA, V CC = 4.5V 

Floating- State Leakage Current 

±50 

(xA max 

Vcc = 5.5V, 0.4 V<V in <V cc 

Floating-State Output Capacitance 

7 

pF typ 


ANALOG OUTPUTS 




Max Output Voltage 

1.5 

V min 

IO<10mA, IO=2.15 xI ref 

Max Output Current 

21 

mA min 

VO<lV 

DAC to DAC Matching 2 

±2.5 

% max 


Analog Output Capacitance 

10 

pF typ 

BLANK = Logic Low 

CURRENT REFERENCE 




Input Current (I REF ) Range 

-3/- 10 

mA min/mA max 


Voltage at I REF 

Vcc -3/V cc 

V.min/V max 

Iref = 8.88mA 

POWER SUPPLY 




Supply Voltage, V cc 

4.5/5. 5 

V min/V max 


Supply Current, I cc 

220 

mA max 

f MAX = 66MHz, IO=2.15 xI ref , DO to D7 Unloaded 

Power Supply Rejection Ratio 

6 

%/V 

4.5<Vcc<5.5V, IO=2.15xI ref , R L = 37.5G, 

C L = 30pF, I REF = 8.88mA 

DYNAMIC PERFORMANCE 




Clock and Data Feedthrough 3, 4 

-35 

dB typ 


Glitch Impulse 3, 4 

75 

pV secs typ 



NOTES 

‘Temperature range (T min to T max ) - , 0 to +70°C. 

2 Relative to the midpoint of the distribution of the three DACs measured at full scale. 

3 TTL input values are 0 to 3 volts, with input rise/fall times <3ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. Analog output load <10pF, 37.5 Cl. D0-D7 output load <50pF. See timing notes in Figure 2. 

4 Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, the digital inputs have a lkO resistor 
to ground and are driven by 74HC logic. Glitch impulse includes clock and data feedthrough, -3dB test bandwidth = 2 x clock rate. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS 1 (V cc = -+-5V±10%. All Specifications T min to T max 2 ) 


Parameter 

66MHz Version 

50MHz Version 

35MHz Version 

Units 

Conditions/Comments 


66 

50 

35 

MHz 

Clock Rate 

ti 

10 

10 

15 

ns min 

RS0, RSI Setup Time 

t 2 

10 

10 

15 

ns min 

RS0, RSI Hold Time 

* 3 

5 

5 

5 

ns min 

RD Asserted to Data Bus Driven 

t 4 

40 

40 

40 

ns max 

RD Asserted to Data Valid 

*s 

20 

20 

20 

ns max 

RD Negated to Data Bus 3-Stated 

*6 

10 

10 

15 

ns min 

Write Data Setup Time 

t 7 

10 

10 

15 

ns min 

Write Data Hold Time 

*8 

50 

50 

50 

ns min 

RD, WR Pulse Width Low 

*9 

4x* 12 

4xt 12 

4xt 12 

ns min 

RD, WR Pulse Width High 

*10 

3 

3 

4 

ns min 

Pixel & Control Setup Time 

*11 

3 

3 

4 

ns min 

Pixel & Control Hold Time 

*12 

15.3 

20 

28 

ns min 

Clock Cycle Time 

*13 

5 

6 

7 

ns min 

Clock Pulse Width High Time 

*14 

5 

6 

9 

ns min 

Clock Pulse Width Low Time 

*15 

30 

30 

30 

ns max 

Analog Output Delay 


5 

5 

5 

ns min 


*16 

6 

8 

8 

ns max 

Analog Output Rise/Fall Time 

* 1 / 

15.3 

20 

25 

ns typ 

Analog Output Settling Time 

*18 

2 

2 

2 

ns min 

Analog Output Skew 

*PD 

4 

4 

4 

clocks 

Pipeline Delay 


NOTES 

‘TTL input values are 0 to 3 volts, with input rise/fall times <3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. Analog output loads 10 pF, 37.5ft. D0-D7 output load <50 pF. See timing notes in Figure 2. 

2 Temperature Range (T min to T max ); 0 to +70°C 

Settling time does not include clock and data feedthrough. For this test, the digital inputs have a lkft resistor to ground and are driven by 74HC logic. 
Specifications subject to change without notice. 


* — t, — » 

•— t 2 *> 

RS0, RSI 





RD, WR 



J 

— S, 



— 



/ 

WRITE (D0-D7I 


4 t« ft. 



Figure 1. MPU Read/Write Timing 



NOTES 

1. OUTPUT DELAY (t„) MEASURED FROM THE 50% POINT OF THE RISING EDGE OF THE PCLK TO 
THE 50% POINT OF FULL SCALE TRANSITION. 

2. SETTLING TIME (t„) MEASURED FROM THE 50% POINT OF FULL SCALE TRANSITION TO THE 
OUTPUT REMAINING WITHIN ±1/4 LSB. 

3. OUTPUT RISE/FALL TIME (t„) MEASURED BETWEEN THE 10% AND 90% POINTS OF FULL SCALE 
TRANSITION. 


Figure 2. Video Input/Output Timing 
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ORDERING GUIDE 1, 2 


ABSOLUTE MAXIMUM RATINGS* 

Vcc toGND . +7V 

Voltage on any Digital Pin GND-0.5V to V CC +0.5V 

Ambient Operating Temperature (T A ) -55°C to + 125°C 

Storage Temperature (T s ) -65°C to +150°C 

Junction Temperature (Tj) + 175°C 

Lead Temperature (Soldering, 10 secs) +300°C 

Vapor Phase Soldering (1 minute) +220°C 

Red, Green, Blue to GND 1 0V to V cc 

NOTES 

♦Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
‘Analog output short circuit to any power supply or common can be of an 
indefinite duration. 

RECOMMENDED OPERATING CONDITIONS 


Model 

Speed 

Package Type 

Package 

Option 3 

ADV476KN35 

35MHz 

28-Pin DIP 

N-28 

ADV476KN50 

50MHz 

28-Pin DIP 

N-28 

ADV476KN66 

66MHz 

28-Pin DIP 

N-28 

ADV476KP35 

35MHz 

44-Pin PLCC 

P-44A 

ADV476KP50 

50MHz 

44-Pin PLCC 

P-44A 

ADV476KP66 

66MHz 

44-Pin PLCC 

P-44A 


NOTES 

‘All devices are specified for 0 to +70°C operation. 

2 Devices are packaged in 0.6" 28-pin plastic DIPs (N-28), and 44-pin 
J-leaded PLCC (P-44A). 

3 N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information 
see Package Information section. 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

Power Supply 

Vex: 

4.5 

5.00 

5.5 

Volts 

Ambient Operating Temperature 

t a 

0 


+ 70 

°C 

Output Load 

Ri. 


37.5 


n 

Reference Current 

Iref 

-3 


-10 

mA 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 



PLCC PIN CONFIGURATION 

8 


9 * 
§ 2 



**NC = NO CONNECT 


The above pins allow the ADV476KP (44-Pin PLCC) to be 
alternatively driven by a voltage reference. If it is desired to use 
a voltage reference configuration instead of the current reference 
configuration described in this data sheet, the above listed pins 
must be connected as described in Figure 6 of the 
ADV478/ADV471 data sheet of this reference manual. 


DIP PIN CONFIGURATION 



Vcc 

RSI 

RSO 

WR 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

BLANK 

RD 
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PIN FUNCTION DESCRIPTION 


Pin 

Mnemonic Function 

Composite blank control input (TTL compatible ). A logic zero on this control input drives the analog outputs 
to the bla nking level, as shown in Table V. The BLANK signal is latched on the rising edge of PCLK. While 
BLANK is a logical zero, the pixel inputs are ignored. 

Clock input (TTL compatible). The rising edge of PCLK latches the P0-P7 data inputs and the BLANK 
control input. It is typically the pixel clock rate of the video system. PCLK should be driven by a dedicated 
TTL buffer. 

P0-P7 Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the 256 entries in 

the color palette RAM is to be used to provide color information. P0-P7 pixel select inputs are latched on the 
rising edge of PCLK. PO is the LSB. Unused pixel select inputs should be connected to GND. 

RED, GREEN, Red, green and blue current outputs. These high impedance current sources are capable of directly driving a 

BLUE doubly terminated 75fT coaxial cable, as shown in Figure 4a. All three current outputs should have similar 

output loads whether or not they are all being used. 

Vcc Analog power supply (5V ± 10%). 

GND Analog ground. 

I REF Current reference input. The relationship between the current input and the full scale output voltage of the 

DACs is given by the following expression: 

Iref = VO (Full Scale)/2.15 x R L 
R l = Load Resistance 

WR Write control input (TTL compatibl e). W R must be at logical zero when writing data to the device. D0-D7 

data is latched on the rising edge of WR. See Figure 1 . 

RD Read control input (TTL compatible). RD must both be at logical zero when reading data from the device. 

See Figure 1. 

RSO, RSI Command control inputs (TTL compatible). RSO and RSI specify the type of read or write operation being 

carried out, i.e., address register or color palette RAM read or write operations. See Tables I, II, III. 

D0-D7 Data bus (TTL compatible). Data is transferred to and from the address register and the color palette RAM 

over this 8-bit bidirectional data bus. DO is the least significant bit. 


BLANK 

PCLK 



TERMINOLOGY 
Blanking Level 

The level separating the SYNC portion from the Video portion 
of the waveform. Usually referred to as the Front Porch or Back 
Porch. At 0 IRE Units, it is the level which will shut off the 
picture tube, resulting in the blackest possible picture. 

Color Video (RGB) 

This usually refers to the technique of combining the three pri- 
mary colors of Red, Green and Blue to produce color pictures 
within the usual spectrum. In RGB monitors, three DACs are 
required, one for each color. 

Gray Scale 

The discrete levels of video signal between Reference Black and 
Reference White levels. An 8-bit DAC contains 256 different 
levels while a 6-bit DAC contains 64. 

Raster Scan 

The most basic method of sweeping a CRT one line at a time to 
generate and display images. 


Reference Black Level 

The maximum negative polarity amplitude of the video signal. 
Reference White Level 

The maximum positive polarity amplitude of the video signal. 
Video Signal 

That portion of the composite video signal which varies in gray 
scale levels between Reference White and Reference Black. Also 
referred to as the picture signal, this is the portion which may 
be visually observed. 
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MPU Interface 

As illustrated in the functional block diagram, the ADV476 sup- 
ports a standard MPU bus interface, allowing the MPU direct 
access to the color palette RAM . 

The RSO and RSI control inputs specify whether the MPU is 
accessing the address register or the color palette RAM, as 
shown in Table I. The 8-bit address register is used to address 
the color palette RAM, eliminating the requirement for external 
address multiplexers. 


RSI 

RSO 

Addressed by MPU 

0 

0 

Pixel Address Register (RAM Write Mode) 

1 

1 

Pixel Address Register (RAM Read Mode) 

0 

1 

Color Palette RAM 

1 

0 

Pixel Read Mask Register 


Table I. Control Input Truth Table 


To write color data, the MPU writes to the address register with 
the 8-bit address of the color palette RAM location which is to 
be modified. The MPU performs three successive write cycles 
(six bits of red data, six bits of green data and six bits of blue 
data). During the blue write cycle, the three bytes of color in- 
formation are concatenated into an 18-bit word and written to 
the location specified by the address register. The address regis- 
ter then automatically increments to the next location which the 
MPU may modify by simply writing another sequence of red, 
green and blue data. 

To read back color data, the MPU loads the address register 
with the address of the color palette RAM location to be read. 
The MPU performs three successive read cycles (6 bits each of 
red, green and blue data). Following the blue read cycle, the 
address register increments to the next location which the MPU 


may read by simply reading another sequence of red, green and 
blue data. 

This 6-bit color data is right justified, i.e., the lower six bits of 
the data bus with DO being the LSB and D5 the MSB. D6 and 
D7 are ignored during a color write cycle and are set to zero 
during a color read cycle. 

During color palette RAM access, the address register resets to 
00H following a blue read or write operation to RAM location 
FFH. 

The MPU interface operates asynchronously to the pixel clock. 
Data transfers between the color palette RAM and the color reg- 
isters (R, G, and B in the block diagram) are synchronized by 
internal logic, and occur in the period between MPU accesses. 
Color (RGB) data is normally loaded to the color palette RAM 
during video screen retrace, i.e., during the video waveform 
blanking period, see Figure 5. 

To keep track of the red, green and blue read/write cycles, the 
address register has two additional bits (ADDRa, ADDRb) that 
count modulo three, as shown in Table II. They are reset to 
zero when the MPU writes to the address register, and are not 
reset to zero when the MPU reads the address register. The 
MPU does not have access to these bits. The other eight bits of 
the address register, incremented following a blue read or write 
cycle, (ADDRO-7) are accessible to the MPU, and are used to 
address color palette RAM locations, as shown in Table III. 
ADDRO is the LSB when the MPU is accessing the RAM. The 
MPU may read the address register at any time without modify- 
ing its contents or the existing read/write mode. 

Figure 1 illustrates the MPU read/write timing and Table III 
shows the associated functional instructions. 



Value 

RSI 

RSO 

Addressed by MPU 

ADDRa, b (Counts Modulo 3) 

00 



Red Value 


01 



Green Value 


10 



Blue Value 

ADDRO-7 (Counts Binary) 

00H-FFH 

0 

1 

Color Palette RAM 


Table II. Address Register (ADDR) Operation 


RD 

WR 

RSO 

RSI 

ADDRa 

ADDRb 

Operation Performed 

1 

0 

0 

0 

X 

X 

Write Address Register; 

D0-D7 -► ADDRO-7 

0 — ► ADDRa, b 

1 

0 

1 

0 

0 

0 

Write Red Value; 

Increment ADDRa-b 

1 

0 

1 

0 

0 

1 

Write Green Value; 

Increment ADDRa-b 

1 

0 

1 

0 

1 

0 

Write Blue Value; 

Modify RAM Location 
Increment ADDRO-7 
Increment ADDRa-b 

0 

1 

1 

1 

X 

X 

Read Address Register; 

ADDRO-7 -* D0-D7 

0 

1 

1 

0 

0 

0 

Read Red Value; 

Increment ADDRa-b 

0 

1 

1 

0 

0 

1 

Read Green Value; 

Increment ADDRa-b 

0 

1 

1 

0 

1 

0 

Read Blue Value; 

Increment ADDRO-7 
Increment ADDRa-b 

0 

0 

X 

X 

X 

X 

Invalid Operation 


Table III. Truth Table for Read/Write Operations 
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Frame Buffer Interface 

The P0-P7 inputs are used to address the color palette RAM, as 
shown in Table IV. These inputs are latched on the rising edge 
of PCLK and address any of the 256 locations in the color pal- 
ette RAM. The addressed location contains 18 bits of color (6 
bits of red, 6 bits of green and 6 bits of blue) information. This 
data is transferred to the three DACs and is then converted to 
an analog output (RED, GREEN, BLUE), these outputs then 
control the red, green and blue electron guns in the monitor. 

The BLANK input is also latched on the rising edge of PCLK. 
This is to maintain synchronization with the color data. 


P0-P7 

Addressed by Frame Buffer 

OOH 

Color Palette RAM Location OOH 

01H 

• 

Color Palette RAM Location 01H 

• • 

• 

FFH 

• • 

Color Palette RAM Location FFH 


Table IV. Pixel Select/Color Palette Control Truth Table 
Pixel Read Mask Register 

The Pixel Read Mask Register in the ADV476 can be used to 
implement register level pixel processing, thereby cutting down 
on software overhead. This is achieved by gating the input pixel 
stream (P0-P7) with the contents of the pixel read mask regis- 
ter. The operation is a bitwise logical AN Ding of the pixel data. 
The contents of this register can be accessed and altered at any 
time by the MPU (D0-D7). Table I shows the relevant control 
signals. 

This pixel masking operation can be used to alter the displayed 
colors without changing the contents of either the video frame 


buffer or the color palette RAM. The effect of this operation is 
to partition the color palette into a user determined number of 
color planes. This process can be used for special effects includ- 
ing animation, overlays and flashing objects. 

(See also application note entitled “Animation Using the 
Pixel Read Mask Register of the ADV47x Series of Video RAM- 
DACs,” available from Analog Devices (Pub No. 

E1316— 15— 10/89). 



DO — D7 


Figure 3. Block Diagram Showing Pixel Read Mask Register 


Analog Interface 

The ADV476 has three analog outputs, corresponding to the 
Red, Green and Blue video signals. 

The Red, Green and Blue analog outputs of the ADV476 are 
high impedance current sources. Each one of these three RGB 
current outputs is capable of directly driving a 37.50 load, such 
as a doubly-terminated 750 coaxial cable. Figure 4a shows the 
required configuration for each of the three RGB outputs con- 
nected into a doubly-terminated 750 load. This arrangement 
will develop RS-343A video output voltage levels across a 750 
monitor. A simple method of driving RS-170 video levels into a 
750 monitor is shown in Figure 4b. The output current levels 
of the DACs remain unchanged but the source termination resis- 


tance, Z s , on each of the three DACs is increased from 750 to 
1500. 

More detailed information regarding load terminations for vari- 
ous output configurations, including RS-343A and RS-170, is 
available in an application note entitled “Video Formats & 
Required Load Terminations” available from Analog Devices. 

Figure 5 shows the video waveforms associated with the three 
RGB outputs, driving the doubly terminated 750 load of Fig- 
ure 4a. The BLANK control input drives the analog outputs to 
the Black Level. BLANK is asserted prior to h orizontal and 
vertical screen retrace. Table V details how the BLANK input 
modifies the output levels. 



Figure 4a. Recommended Analog Output Termination for Figure 4b. Recommended Analog Output Termination for 
RS-343A RS-170 
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NOTES 

1. OUTPUTS CONNECTED TO A DOUBLY TERMINATED 750 LOAD. 

2. l REF =8.88mA. 

3. RS-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 


Figure 5. RGB Video Output Waveform 


Description 

RED, GREEN, 
BLUE, (mA) 1 

BLANK 

DAC 

Input Data 

WHITE LEVEL 

19.05 

1 

FFH 

VIDEO 

Video 

1 

DATA 

BLACK LEVEL 

0 

1 

OOH 

BLANK LEVEL 

0 

0 

xxH 


NOTE 

‘Typical with full scale RED, GREEN, BLUE = 19.05mA. I REF = 8.88mA. 


Table V. Video Output Truth Table 


Reference Input 

The ADV476 requires an active current reference to enable the 
DACs provide stable and accurate video output levels. The rela- 
tionship between the output voltage and the required input ref- 
erence current is given by: 

VO (FULL SCALE) 

Iref= 


where R L = 37.50 
= 750 

and VO = 0.714V 
= 1.0V 


2.15xR l 

(for doubly terminated 750 load) 
(for singly terminated 750 load) 

(RS-343A video levels) 

(RS-170 video levels). 


In a standard application which requires RS-343A video levels to 
be driven into a doubly terminated 750 load (R L = 37.50), the 
necessary reference input current is: 

Iref = 8.88mA. 

To drive the same levels into a singly terminated 750 load 
(R l = 750), the reference current is: 

Iref = 4^ .44mA. 

A suggested current reference design for the doubly terminated 
case, with RS-343A video levels and based on the LM334, a 
three-terminal adjustable current source, is shown in Figure 6. 
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Figure 6. Current Reference Design Using an LM334 
Current Source 

PC BOARD LAYOUT CONSIDERATIONS 

The ADV476 is optimally designed for lowest noise perform- 
ance, both radiated and conducted noise. For optimum system 
noise performance, it is imperative that great care be given to 
the PC board layout. The layout should be optimized for lowest 
noise on the ADV476 power and ground lines. This can be 
achieved by shielding the digital inputs and providing good 
decoupling. The lead length between groups of V cc and GND 
pins should by minimized so as to minimize inductive ringing. 

Ground Planes 

The ground plane should encompass all ADV476 ground pins, 
voltage reference circuitry, power supply bypass circuitry, the 
analog output traces and all the digital signal traces leading up 
to the ADV476. 

Power Planes 

The PC board layout should have two distinct power planes, one 
for analog circuitry and one for digital circuitry. The analog 
power plane (V cc ) should encompass the ADV476 and all asso- 
ciated analog circuitry. This power plane should be connected to 
the regular PCB power plane at a single point through a ferrite 
bead, as illustrated in Figure 7. This bead should be located 
within three inches of the ADV476. 


The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provide 
power to all ADV476 power pins, current reference circuitry 
and any output amplifiers. 

The PCB power and ground planes should not overlay portions 
of the analog power plane. Keeping the PCB power and ground 
planes from overlaying the analog power plane will contribute to 
a reduction in plane-to-plane noise coupling. 

Supply Decoupling 

Noise on the analog power plane can be further reduced by the 
use of multiple decoupling capacitors, see Figure 7. 

Optimum performance is achieved by the use of 0.1 |xF ceramic 
capacitors. This should be done by placing the capacitors as 
close as possible to the device with the capacitor leads as short 
as possible, thus minimizing lead inductance. 

It is important to note that while the ADV476 contains circuitry 
to reject power supply noise, this rejection decreases with fre- 
quency. If a high frequency switching power supply is used, the 
designer should pay close attention to reducing power supply 
noise. A dc power supply filter (Murata BNX002) will provide 
EMI suppression between the switching power supply and the 
main PCB. Alternatively, consideration could be given to using 
a three terminal voltage regulator. 

Digital Signal Interconnect 

The digital signal lines to the ADV476 should be isolated as 
much as possible from the analog outputs and other analog cir- 
cuitry. Digital signal lines should not overlay the analog power 
plane. 

Due to the high clock rates used, long clock lines to the 
ADV476 should be avoided so as to minimize noise pickup. 

Any active pull-up termination resistors for the digital inputs 
should be connected to the regular PCB power plane and not 
the analog power plane. 

Analog Signal Interconnect 

The ADV476 should be located as close as possible to the out- 
put connectors thus minimizing noise pickup and reflections due 
to impedance mismatch. 

The video output signals should overlay the ground plane, and 
not the analog power plane, thereby maximizing the high fre- 
quency power supply rejection. 

For optimum performance, the analog outputs should each have 
a source termination resistance to ground of 750. This termina- 
tion resistance should be as close as possible to the ADV476 to 
minimize reflections. 

Note: For additional information on PC Board Layout see appli- 
cation note “Design and Layout of a Video Graphics System for 
Reduced EMI,” available from Analog Devices (Pub. No. 

El 309- 15- 10/89). 
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C1-C4 

C5 

C6 

LI 

R1, R2, R3 


0.1 »xF CERAMIC CAPACITOR 
10|xF TANTALUM CAPACITOR 
47jxF TANTALUM CAPACITOR 
FERRITE BEAD 

750 1% METAL FILM RESISTOR 


ERIE RPE 1 1 2Z5U 1 04M50V 
MALLORY CSR13G106KM 
MALLORY CSR13F476KM 
FAIR-RITE 2743001111 
DALE CMF-55C 


Figure 7. ADV476 Typical Connection Diagram and Component List 


I 

I 


Vref « 

h 


1= o.i m f 

1 ANALOG POWER PLANE 

V CC ( 




•ref • 

COMP < 



I 

I 


Figure 8. Connection of Vref and COMP with the 
ADV476KP (44-Pin PLCC) 
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CMOS 80MHz Monolithic 256 x 24(18) 
Color Palette RAM-DACs 


ADV478/ADV471 


FEATURES 

Personal System/2* Compatible 
80MHz Pipelined Operation 
Triple 8-Bit (6-Bit) D/A Converters 
256x24(18) Color Palette RAM 
15x24(18) Overlay Registers 
RS-343A/RS-1 70 Compatible Outputs 
Sync on All Three Channels 
Programmable Pedestal (0 or 7.5 IRE) 
External Voltage or Current Reference 
Standard MPU Interface 
+ 5V CMOS Monolithic Construction 
44-Pin PLCC Package 
Power Dissipation: 800m W 

APPLICATIONS 

High Resolution Color Graphics 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Desktop Publishing 

AVAILABLE CLOCK RATES 

80MHz 

66MHz 

50MHz 

35MHz 


FUNCTIONAL BLOCK DIAGRAM 



) OPA 
) COMP 


NOTES 

1. NUMBERS IN PARENTHESIS INDICATE PIN NAMES FOR THE ADV471. 

2. NC= NO CONNECT 


GENERAL DESCRIPTION 

The ADV478 (ADV®) and ADV471 are pin compatible and 
software compatible RAM-DACs designed specifically for Personal 
System/2 compatible color graphics. 

The ADV478 has a 256 x 24 color lookup table with triple 8-bit 
video D/A converters. It may be configured for either 6 bits or 
8 bits per color operation. The ADV471 has a 256 x 18 color 
lookup table with triple 6-bit video D/A converters. 

ADV is a registered trademark of Analog Devices, Inc. 

*Personal System/2 is a trademark of International Business Machines 
Corp. 


Options on both parts include a programmable pedestal (0 or 
7.5 IRE) and use of an external voltage or current reference. 
Fifteen overlay registers provide for overlaying cursors, grids, 
menus, EGA emulation, etc. Also supported is a pixel read 
mask register and sync generation on all three channels. 

The ADV478 and ADV471 generate RS-343A compatible video 
signals into a doubly terminated 75D load, and RS-170 compatible 
video signals into a singly terminated 75fl load, without requiring 
external buffering. Differential and integral linearity errors are 
guaranteed to be a maximum of ± 1LSB for the ADV478 and 
± 1/4LSB for the ADV471 over the full temperature range. 
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AD V478/ADV47 1 -SPECIFICATIONS All Specifications T™, to T^ 2 unless otherwise noted.) 


Parameter 

All Versions 

Units 

Test Conditions/Comments 

STATIC PERFORMANCE 




Resolution (Each DAC) 3 

8(6) 

Bits 


Accuracy (Each DAC) 3 




Integral Nonlinearity 

±1(1/4) 

LSB max 


Differential Nonlinearity 

±1(1/4) 

LSBmax 

Guaranteed Monotonic 

Gray Scale Error 

±5 

% Gray Scale max 


Coding 

Binary 



DIGITAL INPUTS 




Input High Voltage, Vinh 

2 

V min 


Input Low Voltage, Vi NL . 

0.8 

V max 


Input Current, I IN 

±1 

|xA max 

V IN = 0.4V or 2.4V 

Input Capacitance, Qn 

7 

pF max 


DIGITAL OUTPUTS 




Output High Voltage, V OH 

2.4 

V min 

I source = 400p,A 

Output Low Voltage, V Q l 

0.4 

V max 

Isink = 3.2mA 

Floating-State Leakage Current 

50 

jxAmax 


Floating-State Output Capacitance 

7 

pF max 


ANALOG OUTPUTS 




Gray Scale Current Range 

20 

mA max 


Output Current 




White Level Relative to Blank 

17.69 

mA min 

Typically 19.05mA 


20.40 

mA max 


White Level Relative to Black 

16.74 

mA min 

Typically 17.62mA 


18.50 

mA max 


Black Level Relative to Blank 

0.95 

mA min 

Typically 1.44mA 

(SETUP = V AA ) 

1.90 

mA max 


Black Level Relative to Blank 

0 

|xA min 

Typically 5p.A 

(SETUP = GND) 

50 

p.A max 


Blank Level 

6.29 

mA min 

Typically 7.62mA 


8.96 

mA max 


Sync Level 

0 

|xA min 

Typically 5 |x A 


50 

jxA max 


LSJ3 Size 3 

69.1(279.68) 

M-A typ 

8/6 = Logical 1 for ADV478 

DAC to DAC Matching 

5 

% max 

Typically 2% 

Output Compliance, Vqc 

-1 

V min 



+ 1.5 

V max 


Output Impedance, Rout 

10 

kfl typ 


Output Capacitance, Cout 

30 

pF max 

Iout = 0mA 

VOLTAGE REFERENCE 




Voltage Reference Range, Vrhf 

1.14/1.26 

V min/V max 


Input Current, Ivref 

10 

M-A typ 

Tested in Voltage Reference 




Configuration with V RE f = 1 -235V 

POWER SUPPLY 




Supply Voltage, V AA 

4.75/5.25 

V min/V max 

80MHz and 66MHz Parts 


4.50/5.50 

V min/V max 

50MHz and 35MHz Parts 

Supply Current, I AA 

220 

mA max 

Typically 180mA 

Power Supply Rejection Ratio 

0.5 

%/% max 

f = 1kHz, COMP = 0. 1 |aF 

Power Dissipation 

1100 

mW max 

Typically 900mW, V AA = 5 V 

DYNAMIC PERFORMANCE 




Clock and Data Feedthrough 4,5 

-30 

dB typ 


Glitch Impulse 4,5 

75 

pV secs typ 


DAC to DAC Crosstalk 6 

-23 

dB typ 



NOTES 

1 ± 5% for 80MHz and 66MHz parts; ± 10% for 50MH/. and 35MHz parts. 

2 Temperature Range (T min to T max ); 0 to + 70°C. 

3 Numbers in parentheses indicate ADV471 parameter value. 

4 Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, the digital inputs have a 
lkfl resistor to ground and are driven by 74HC logic. Glitch impulse includes clock and data feedthrough, -3dB test bandwidth = 2 x clock rate. 
5 TTL input values are 0 to 3 volts, with input rise/fall times <3ns, measured between the 10% and 90% points. Timing reference points at 50% 
for inputs and outputs. Analog output load <10pF, DO - D7 output load <50pF. See timing .notes in Figure 2. 

6 DAC to DAC crosstalk is measured by holding one DAC high while the other two are making low to high and high to low transitions. 
Specifications subject to change without notice. 
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TIMING CHARACTERISTICS 1 (V = + 5 V, SETUP = 8 / 6 = V M? = 1 . 235 V. Rset = 147 ft. All Specifications T mjn to T^ 3 .) 


Parameter 

KP80 Version 

KP66 Version 

KP50 Version 

KP35 Version 

Units 

Conditions/Comments 

fmax 

80 

66 

50 

35 

MHz 

Clock Rate 

tl 

10 

10 

10 

10 

ns min 

RS0 - RS2 Setup Time 

t 2 

10 

10 

10 

10 

ns min 

RS0-RS2 Hold Time 

t3 

5 

5 

5 

5 

ns min 

RD Asserted to Data Bus Driven 

t4 

40 

40 

40 

40 

ns max 

RD Asserted to Data Valid 

t 5 

20 

20 

20 

20 

ns max 

RD Negated to Data Bus 3-Stated 

t6 

10 

10 

10 

10 

ns min 

Write Data Setup Time 

t 7 

10 

10 

10 

10 

ns min 

Write Data Hold Time 

*8 

50 

50 

50 

50 

ns min 

RD, WR Pulse Width Low 

*9 

6xt 12 

6x*,2 

6 X t J2 

6 x t 12 

ns min 

RD, WR Pulse Width High 

*10 

3 

3 

3 

3 

ns min 

Pixel and Control Setup Time 

*11 

3 

3 

3 

3 

ns min 

Pixel and Control Hold Time 

tl2 

12.5 

15.3 

20 

28 

ns min 

Clock Cycle Time 

*13 

4 

5 

6 

7 

ns min 

Clock Pulse Width High Time 

*14 

4 

5 

6 

9 

ns min 

Clock Pulse Width Low Time 

*15 

30 

30 

30 

30 

ns max 

Analog Output Delay 

*16 

3 

3 

3 

3 

ns typ 

Analog Output Rise/Fall Time 

*17 4 

13 

15.3 

20 

28 

nstyp 

Analog Output Settling Time 

*18 

2 

2 

2 

2 

ns max 

Analog Output Skew 

tpD 

4xt 12 

4x t 12 

4 x t, 2 

4xt,2 

ns min 

Pipeline Delay 


NOTES 

! TTL input values are 0 to 3 volts, with input rise/fall times <3ns, measured between the 10% and 90% points. Timing reference 
points at 50% for inputs and outputs. Analog output load <10pF, 37.50. DO - D7 output load <50pF. See timing notes in Figure 2. 
2 ± 5% for 80MHz and 66MHz parts; ± 5% for 50MHz and 35MHz parts. 

3 Temperature Range (T min to T max ); 0 to + 70°C. 

4 Settling time does not include clock and data feedthrough. For this test, the digital inputs have a 1 kO resistor to ground and are 
driven by 74HC logic. 

Specifications subject to change without notice 

TIMING DIAGRAMS 
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Figure 1. MPU Read/Write Timing 


CLOCK 


F0 - P7. OLO - OL3, 
SYNC, BLANK 


IOR, IOG, IOB 


V 


* tio- 


*15 




NOTES 

1 OUTPUT DELAY (t 15 ) MEASURED FROM THE 50% POINT OF THE RISING EDGE OF CLOCK TO 
THE 50% POINT OF FULL SCALE TRANSITION. 

2. SETTLING TIME (t 17 ) MEASURED FROM THE 50% POINT OF FULL SCALE TRANSITION TO THE 
OUTPUT REMAINING WITHIN ±1LSB (ADV478) OR ±1/4LSB (ADV471). 

3 OUTPUT RISE/FALL TIME (t 16 ) MEASURED BETWEEN THE 10% AND 90% POINTS OF FULL SCALE 
TRANSITION. 


Figure 2. Video Input/Output Timing 
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ADV478/ADV471 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

Power Supply 

80MHz,66MHz Parts 

Vaa 

4.75 

5.00 

5.25 

Volts 

50, 35MHz Parts 


4.5 

5.00 

5.5 

Volts 

Ambient Operating Temperature 

T a 

0 


+ 70 

°C 

Output Load 

Rl 


37.5 


n 

Voltage Reference Configuration 






Reference Voltage 

Vref 

1.14 

1.235 

1.26 

Volts 

Current Reference Configuration 






Reference Current 

Iref 

-3 


-10 

mA 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 



ABSOLUTE MAXIMUM RATINGS* 


PLCC PIN CONFIGURATION 


V AA toGND +7V 

Voltage on Any Digital Pin . . . GND -0.5V to V AA + 0.5V 
Ambient Operating Temperature (T a ) . . . -55°Cto + 125°C 

Storage Temperature (T s ) -65°Cto + 150°C 

Lead Temperature (Soldering, 10 secs) + 300°C 

Junction Temperature (Tj) + 175°C 

Vapor Phase Soldering (1 minute) 220°C 

IOR, IOB, IOG to GND 1 0V to V AA 


NOTES 

'Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

'Analog output short circuit to any power supply or common can be of an 
indefinite duration. 
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NOTES 

1 NUMBERS IN PARENTHESIS INDICATE PIN NAMES FOR THE ADV471. 
2. NC = NO CONNECT 


ORDERING GUIDE 


Model 

Temperature 

Range 

Color Palette 
RAM 

Speed 

Package 

Option* 

ADV471KP80 

0°C to + 70°C 

256 x 18 

80MHz 

P-44A 

ADV471KP66 

0°C to + 70°C 

256 x 18 

66MHz 

P-44A 

ADV471KP50 

0°C to +70°C 

256 x 18 

50MHz 

P-44A 

ADV471KP35 

0°C to +70°C 

256 x 18 

35MHz 

P-44A 

ADV478KP80 

0°Cto +70°C 

256 x 24 

80MHz 

P-44A 

ADV478KP66 

0°Cto +70°C 

256 x 24 

66MHz 

P-44A 

ADV478KP50 

0°Cto +70°C 

256 x 24 

50MHz 

P-44A 

ADV478KP35 

0°C to +70°C 

256 x 24 

35MHz 

P-44A 


*P = Plastic Leaded Chip Carrier (PLCC). For outline information see Package 
Information section. 
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ADV478/ADV471 


PIN FUNCTION DESCRIPTION 


Pin 

Mnemonic 

BLANK 

SETUP 

SYNC 

CLOCK 

P0-P7 

OLO - OL3 


Function 

Composite blank control input (TTL compatible). A logic zero drives the analog outputs to the blanking level 
as illustrated in Tables IV and V. It is latched on the rising edge of CLOCK. When BLANK is a logical zero, 
the pixel and overlay inputs are ignored 

Setup control input. Used to specify either a 0 IRE (SETUP = GND) or 7.5 IRE (SETUP = Vaa) 
blanking pedestal. 

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40 IRE current 
source on the analog outputs (see Figures 3 and 4). SYNC does not override any other control or data input, 
as shown in Tables IV and V; therefore, it should be asserted only during the blanking interval. It is latched 
on the rising edge of CLOCK. 

Clock inp ut (TTL compatible). The rising edge of CLOCK latches the P0 - P7, OLO - OL3, SYNC, and 
BLANK inputs. It is typically the pixel clock rate of the video system. It is recommended that CLOCK be 
driven by a dedicated TTL buffer. 

Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the 256 entries in 
the color palette RAM is to be used to provide color information. They are latched on the rising edge of CLOCK. 
P0 is the LSB. Unused inputs should be connected to GND. 

Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to provide color 
information, as illustrated in Table III. When accessing the overlay palette, the P0 - P7 inputs are ignored. 
They are latched on the rising edge of CLOCK. OLO is the LSB. Unused inputs should be connected to 
GND. 


IOR, IOG,IOB Red, green, and blue current outputs. These high impedance current sources are capable of directly driving a 
doubly terminated 75 H coaxial cable (Figures 5 and 6). 

Iref Full-scale adjust control. Note that the IRE relationships in Figures 3 and 4 are maintained, regardless of the 

full-scale output current. 

When using an external voltage reference (Figure 5), a resistor (Rset) connected between this pin and GND 
controls the magnitude of the full-scale video signal. The relationship between Rset and the full-scale output 
current on each output is: 

Rset (D)= K * 1,000 * V ref (V)/I OU t (mA) 

K is defined in the table below, along with corresponding Rset values for doubly terminated 7517 loads. 

When using an external current reference (Figure 6), the relationship between Iref an d the full-scale output 
current on each output is: 

Iref (mA) = Iqut (mA)/K 


Mode 

Pedestal 

K 

Rset(^) 

6-Bit 

7.5 IRE 

3.170 

147 

8-Bit 

7.5 IRE 

3.195 

147 

6-Bit 

0IRE 

3.000 

147 

8-Bit 

0IRE 

3.025 

147 


COMP Compensation pin. If an external voltage reference is used (Figure 5), this pin should be connected to OPA. If 

an external current reference is used, this pin should be connected to Iref- A 0.1 |xF ceramic capacitor must 

always be used to bypass this pin to V AA . 

Vref Voltage reference input. If an external voltage reference is used (Figure 5), it must supply this input with a 

1.2V (typical) reference. If an external current reference is used (Figure 6), this pin should be left floating, 
except for the bypass capacitor. A 0.1 jxF ceramic capacitor must always be used to decouple this input to 
V A a as shown in Figures 5 and 6. 

OPA Reference amplifier output. If an external voltage reference is used (Figure 5), this pin must be connected to 

COMP. When using an external current reference (Figure 6), this pin should be left floating. 

Vaa Analog power. All V A a pins must be connected to the Analog Power Plane. 

GND Analog ground. All GND pins must be connected to the Ground Plane. 

WR Write control input (TTL co mpat ible). DO - D7 data is latched on the rising edge of WR, and RS0 - RS2 are 

latched on the falling edge of WR during MPU write operations. See Figure 1. 
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PIN FUNCTION DESCRIPTION (Continued) 


Pin 

Mnemonic Function 

RD Read control input (TTL compat ible) . To read data from the device, RD must be a logical zero. RSO - RS2 

are latched on the falling edge of RD during MPU read operations. 

RSO, RSI , RS2 Register select inputs (TTL compatible). RSO - RS2 specify the type of read or write operation being performed 
as illustrated in Tables I and II. 

DO - D7 Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit bidirectional data 

bus. DO is the least significant bit. 

8/6 8-bit/6-bit select input (TTL compatible). This control input specifies whether the MPU is reading and writing 

8-bits (logical one) or 6-bits (logical zero) of color information each cycle. For 8-bit operation, D7 is the most 
significant data bit during color read/write cycles. For 6-bit operation, D5 is the most significant data bit 
during color read/write cycles (D6 and D7 are ignored during color write cycles and are logical zero during 
color read cycles). This control input is implemented only on the ADV478. 


TERMINOLOGY 

Blanking Level 

The level seperating the SYNC portion from the video portion 
of the waveform. Usually referred to as the front porch or back 
porch. At 0 IRE units, it is the level which will shut off the 
picture tube, resulting in the blackest possible picture. 

Color Video (RGB) 

This usually refers to the technique of combining the three 
primary colors of red, green and blue to produce color pictures 
within the usual spectrum. In RGB monitors, three DACs would 
be required, one for each color. 

Composite SYNC Signal (SYNC) 

The position of the composite video signal which synchronizes 
the scanning process. 

Composite Video Signal 

The video signal with or without setup, plus the composite 
SYNC signal. 

Gray Scale 

The discrete levels of video signal between reference black and 
reference white levels. An 8-bit DAC contains 256 different 
levels while a 6-bit DAC contains 64. 


Raster Scan 

The most basic method of sweeping a CRT one line at a time to 
generate and display images. 

Reference Black Level 

The maximum negative polarity amplitude of the video signal. 
Reference White Level 

The maximum positive polarity amplitude of the video signal. 
Setup 

The difference between the reference black level and the blanking 
level. 

SYNC Level 

The peak level of the composite SYNC signal. 

Video Signal 

That portion of the composite video signal which varies in gray 
scale levels between reference white and reference black. Also 
referred to as the picture signal, this is the portion which may 
be visually observed. 
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CIRCUIT DESCRIPTION 
MPU Interface 

As illustrated in the functional block diagram, the ADV478 and 
ADV471 support a standard MPU bus interface, allowing the 
MPU direct access to the color palette RAM and overlay color 
registers. 

The RSO - RS2 select inputs specify whether the MPU is accessing 
the address register, color palette RAM, overlay registers or 
read mask register, as shown in Table I. The 8-bit address 
register is used to address the color palette RAM and overlay 
registers, eliminating the requirement for external address 
multiplexers. 

To write color data, the MPU writes to the address register 
(selecting RAM or overlay write mode) with the address of the 
color palette RAM location or overlay register to be modified. 
The MPU performs three successive write cycles (8 or 6 bits 
each of red, green and blue), using RSO - RS2 to select either 
the color palette RAM or overlay registers. During the blue 
write cycle, the three bytes of color information are concatenated 
into a 24-bit word (18-bit word for the ADV471) and written to 
the location specified by the address register. The address register 
then increments to the next location which the MPU may modify 
by simply writing another sequence of red, green and blue data. 


RS2 

RSI 

RSO 

Addressed by MPU 

0 

0 

0 

Address Register (RAM Write Mode) 

0 

1 

1 

Address Register (RAM Read Mode) 

0 

0 

1 

Color Palette RAM 

0 

1 

0 

Pixel Read Mask Register 

1 

0 

0 

Address Register (Overlay Write Mode) 

1 

1 

1 

Address Register (Overlay Read Mode) 

1 

0 

1 

Overlay Registers 

1 

1 

0 

Reserved 


Table I. Control Input Truth Table 


To read color data, the MPU loads the address register (selecting 
RAM or overlay read mode) with the address of the color palette 
RAM location or overlay register to be read. The MPU performs 
three successive read cycles (8 or 6 bits each of red, green and 
blue), using RSO - RS2 to select either the color palette RAM 
or overlay registers. Following the blue read cycle, the address 
register increments to the next location which the MPU may 
read by simply reading another sequence of red, green and blue 
data. 

When accessing the color palette RAM, the address register 
resets to 00H following a blue read or write cycle to RAM location 
FFH. When accessing the overlay color registers, the address 
register increments following a blue read or write cycle. However, 
while accessing the overlay color registers, the four most significant 
bits of the address register (ADDR4 - 7) are ignored. 

The MPU interface operates asynchronously to the pixel clock. 
Data transfers between the color palette RAM/overlay registers 
and the color registers (R, G and B in the block diagram) are 
synchronized by internal logic and occur in the period between 
MPU accesses. As only one pixel clock cycle is required to 
complete the transfer, the color palette RAM and overlay registers 
may be accessed at any time with no noticeable disturbance on 
the display screen. 

To keep track of the red, green and blue read/write cycles, the 
address register has two additional bits (ADDRa, ADDRb) that 
count modulo three, as shown in Table II. They are reset to 
zero when the MPU writes to the address register and are not 
reset to zero when the MPU reads the address register. The 
MPU does not have access to these bits. The other eight bits of 
the address register, incremented following a blue read or write 
cycle (ADDRO - 7), are accessible to the MPU and are used to 
address color palette RAM locations and overlay registers, as 
shown in Table II. ADDRO is the LSB when the MPU is accessing 
the RAM or overlay registers. The MPU may read the address 
register at any time without modifying its contents or the existing 
read/ write mode. 

Figure 1 illustrates the MPU read/write timing. 



Value 

RS2 RSI RSO 

Addressed Bv MPU 

ADDRa, b (Counts Modulo 3) 

00 


Red Value 


01 


Green Value 


10 


Blue Value 

ADDRO - 7 (Counts Binary) 

00H - FFH 

0 0 1 

Color Palette RAM 


XXXXOOOO 

1 0 1 

Reserved 


XXXX0001 

1 0 1 

Overlay Color 1 


XXXX0010 

1 0 1 

• • • 

Overlay Color 2 


XXXX1111 

• • • 

1 0 1 

Overlay Color 15 


Table II. Address Register ( ADDR ) Operation 
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ADV478 Data Bus Interface 

On the ADV478, the 8/6 control input is used to specify whether 
the MPU is reading and writing 8 bits (8/6 = logical one) or 6 
bits (8/6 = logical zero) of color information each cycle. 

For 8-bit operation, DO is the LSB and D7 is the MSB of color 
data. 

For 6-bit operation (and also when using the ADV471), color 
data is contained on the lower six bits of the data bus, with DO 
being the LSB and D5 the MSB of color data. When writing 
color data, D6 and D7 are ignored. During color read cycles, 

D6 and D7 will be a logical zero. 

ADV471 Data Bus Interface 

Color data is contained on the lower six bits of the data bus, 
with DO being the LSB and D5 the MSB of color data. When 
writing color data, D6 and D7 are ignored. During color read 
cycles, D6 and D7 will be a logical zero. 


Frame Buffer Interface 

The PO - P7 and OLO - OL3 inputs are used to address the 
color palette RAM and overlay registers, as shown in Table III. 


OLO - 0L3 

P0-P7 

Addressed by Frame Buffer 

OH 

OOH 

Color Palette RAM Location OOH 

OH 

01H 

Color Palette RAM Location 01H 

OH 

FFH 

Color Palette RAM Location FFH 

1H 

XXH 

Overlay Color 1 

2H 

XXH 

Overlay Color 2 

FH 

XXH 

Overlay Color 15 


Table III. Pixel and Overlay Control Truth Table (Pixel Read 
Mask Register = FFH) 



NOTES 

1. CONNECTED WITH A 750 DOUBLY TERMINATED LOAD, SETUP = V AA . 

2. EXTERNAL VOLTAGE OR CURRENT REFERENCE ADJUSTED FOR 26.67mA FULL-SCALE OUTPUT. 

3. RS-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 


Figure 3. Composite Video Output Waveform (SETUP = Vaa) 


Description 

IouT(mA) 1 



DAC 

Input Data 

SYNC 

BLANK 

WHITE LEVEL 

26.67 

1 

1 

FFH 

DATA 

data + 9.05 

1 

1 

data 

DATA-SYNC 

data+ 1.44 

0 

1 

data 

BLACK LEVEL 

9.05 

1 

1 

OOH 

BLACK-SYNC 

1.44 

0 

1 

OOH 

BLANK LEVEL 

7,62 

1 

0 

xxH 

SYNC LEVEL 

0 

0 

0 

xxH 


NOTES 

'Typical with full-scale IOG = 26.67mA, SETUP = V AA . 

External voltage or current reference adjusted for 26.67mA full-scale output. 


Table IV. Video Output Truth Table (SETUP = l /aa) 
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The contents of the pixel read mask register, which may be 
accessed by the MPU at any time, are bit-wise logically ANDed 
with the PO - P7 inputs. Bit DO of the pixel read mask register 
corresponds to pixel input PO. The addressed location provides 
24 bits (18 bits for the ADV471) of color information to the 
three D/A converters. 

For additional information on Pixel Mask Register, see application 
note “Animation Using the Pixel Read Mask Register of the 
ADV47X Series of Video RAM-DACs”(Publication Number 
E1316-15-10/89). 

The SYNC and BLANK inputs, also latched on the rising edge 


of CLOCK to maintain synchronization with the color data, add 
appropriately weighted currents to the analog outputs, producing 
the specific output levels required for video applications, as 
illustra ted i n Figures 3 and 4. Tables IV and V detail how the 
SYNC and BLANK inputs modify the output levels. 

The SETUP input is used to specify whether a 0 IRE (SETUP 
= GND) or 7.5 IRE (SETUP = V A a) blanking pedestal is to 
be used. 

The analog outputs of the ADV478 and ADV471 are capable of 
directly driving a 37.5H load, such as a doubly terminated 75H 
coaxial cable. 



1. CONNECTED WITH A 750 DOUBLY TERMINATED LOAD, SETUP = GND. 

2. EXTERNAL VOLTAGE OR CURRENT REFERENCE ADJUSTED FOR 26.67mA FULL-SCALE OUTPUT. 

3. RS-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 


Figure 4. Composite Video Output Waveform (SETUP = GND) 


Description 

IoutC®^) 1 



DAC 

Input Data 

SYNC 

BLANK 

WHITE LEVEL 

26.67 

1 

1 

FFH 

DATA 

data + 8.05 

1 

1 

data 

DATA-SYNC 

data 

0 

1 

data 

BLACK LEVEL 

8.05 

1 

1 

00H 

BLACK-SYNC 

0 

0 

1 

00H 

BLANK LEVEL 

8.05 

1 

0 

xxH 

SYNC LEVEL 

0 

0 

0 

xxH 


NOTES 

'Typical with full-scale IOG = 26.67mA, SETUP = GND 
External voltage or current reference adjusted for 26.67mA full-scale output. 


Table V. Video Output Truth Table (SETUP = GND) 
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ADV478/ADV471 


PC BOARD LAYOUT CONSIDERATIONS 
PC Board Considerations 

The layout should be optimized for lowest noise on the ADV478/ 
ADV471 power and ground lines by shielding the digital inputs 
and providing good decoupling. The lead length between groups 
of Vaa an d GND pins should by minimized so as to minimize 
inductive ringing. 

Ground Planes 

The ground plane should encompass all ADV478/ADV471 ground 
pins, current/voltage reference circuitry, power supply bypass 
circuitry for the ADV478/ADV471, the analog output traces and 
all the digital signal traces leading up to the ADV478/ADV471. 

Power Planes 

The ADV478/ADV471 and any associated analog circuitry should 
have its own power plane, referred to as the analog power plane. 
This power plane should be connected to the regular PCB power 
plane (V C c) at a single point through a ferrite bead, as illustrated 
in Figures 5 and 6. This bead should be located within three 
inches of the ADV478/ADV471. 

The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provide 


power to all ADV478/ADV471 power pins and current/voltage 
reference circuitry. 

Plane-to-plane noise coupling can be reduced by ensuring that 
portions of the regular PCB power and ground planes do not 
overlay portions of the analog power plane, unless they can be 
arranged such that the plane-to-plane noise is common mode. 

Supply Decoupling 

For optimum performance, bypass capacitors should be installed 
using the shortest leads possible, consistent with reliable operation, 
to reduce the lead inductance. 

Best performance is obtained with a 0.1 |xF ceramic capacitor 
decoupling each of the two groups of V A a pins to GND. These 
capacitors should be placed as close as possible to the device. 

It is important to note that while the ADV478 and ADV471 
contain circuitry to reject power supply noise, this rejection 
decreases with frequency. If a high frequency switching power 
supply is used, the designer should pay close attention to reducing 
power supply noise and consider using a three terminal voltage 
regulator for supplying power to the analog power plane. 



COMPONENT 
Cl -C5 
C6 
LI 

R1,R2, R3 
R4 

Rset 

Z1 


DESCRIPTION 
0. 1 jiF Ceramic Capacitor 
lOjiFTantalum Capacitor 
Ferrite Bead 

75ft 1% Metal Film Resistor 
Ikft 5% Resistor 
1% Metal Film Resistor 
1 .2 V Voltage Reference 


VENDOR PART NUMBER 
Erie RPE1 12Z5U104M50V 
Mallory CSR13G106KM 
Fair-Rite 2743001111 
DaleCMF-55C 

DaleCMF-55C 
Analog Devices AD589KH 


Figure 5. Typical Connection Diagram and Component List 
(External Voltage Reference) 
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ADV478/ADV471 


Digital Signal Interconnect 

The digital inputs to the ADV478/ADV471 should be isolated 
as much as possible from the analog outputs and other analog 
circuitry. Also, these input signals should not overlay the analog 
power plane. 

Due to the high clock rates involved, long clock lines to the 
ADV478/ADV471 should be avoided to reduce noise pickup. 

Any active termination resistors for the digital inputs should be 
connected to the regular PCB power plane (Vcc)> an d not the 
analog power plane. 


Analog Signal Interconnect 

The ADV478/ADV471 should be located as close as possible to 
the output connectors to minimize noise pickup and reflections 
due to impedance mismatch. 

The video output signals should overlay the ground plane, and 
not the analog power plane, to maximize the high frequency 
power supply rejection. 

For maximum performance, the analog outputs should each 
have a 75D load resistor connected to GND. The connection 
between the current output and GND should be as close as 
possible to the ADV478/ADV471 to minimize reflections. 

NOTE: Additional information on PC Board layout can be 
obtained in an application note entitled “Design and Layout of 
a Video Graphics System for Reduced EMI” from Analog Devices 
(Publication Note El 309- 15- 10/89). 



+ 5V (V cc ) 


GROUND 


COMPONENT DESCRIPTION 


VENDOR PART NUMBER 


Cl -C5 
C6 
C7 
LI 

R1.R2. R3 


0.1 pF Ceramic Capacitor 
10pF Tantalum Capacitor 
47pF Tantalum Capacitor 
Ferrite Bead 

7511 1% Metal Film Resistor 


Erie RPE1 12Z5U104M50V 
Mallory CSR13G106KM 
Mallory CSR13F476KM 
Fair-Rite 27430011 11 
DaleCMF-55C 


Figure 6. Typical Connection Diagram and Component List 
(External Current Reference) 


APPLICATION INFORMATION 
External Voltage vs. Current Reference 

The ADV478/ADV471 is designed to have excellent performance 
using either an external voltage or current reference. The voltage 
reference design (Figure 5) has the advantages of temperature 
compensation, simplicity, lower cost and provides excellent 
power supply rejection. The current reference design (Figure 6) 
requires more components to provide adequate power supply 
rejection and temperature compensation (two transistors, three 
resistors and additional capacitors). 


RS-170 Video Generation 

For generation of RS-170 compatible video, it is recommended 
that the DAC outputs be connected to a singly terminated 75Dload. 
If the ADV478/ADV471 is not driving a large capacitive load, 
there will be negligible difference in video quality between 
doubly terminated 75f l and singly terminated 75 ft loads. 

If driving a large capacitive load (load RC> l/(2irfc)), it is re- 
commended that an output buffer (such as an AD848 or AD9617 
with an unloaded gain>2) be used to drive a doubly terminated 
75H load. 
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□ ANALOG CMOS 

DEVICES 80 MHz, Triple 8-Bit Video DAC 

ADV7120 


FEATURES 

80 MHz Pipelined Operation 
Triple 8-Bit D/A Converters 
RS-343A/RS-170 Compatible Outputs 
TTL Compatible Inputs 
+5 V CMOS Monolithic Construction 
40-Pin DIP or 44-Pin PLCC Package 
Power Dissipation: 400 mW 

APPLICATIONS 

High Resolution Color Graphics 

CAE/CAD/CAM Applications 

Image Processing 

Instrumentation 

Video Signal Reconstruction 

Desktop Publishing 

Direct Digital Synthesis (DDS) 

SPEED GRADES 
80 MHz 
50 MHz 
30 MHz 

GENERAL DESCRIPTION 

The ADV7120 (ADV®) is a digital to analog video converter on 
a single monolithic chip. The part is specifically designed for 
high resolution color graphics and video systems. It consists of 
three, high speed, 8-bit, video D/A converters (RGB); a stan- 
dard TTL input interface and high impedance, analog output, 
current sources. 

The ADV7120 has three separate, 8-bit, pixel input ports, one 
each for red, green and blue video data. Additional video input 
controls on the part include composite sync, blank and reference 
white. A single +5 V supply, an external 1.23 V reference and 
pixel clock input are all that are required to make the part 
operational. 

The ADV7120 is capable of generating RGB video output sig- 
nals, which are compatible with RS-343A and R.S-170 video 
standards, without requiring external buffering. 

The ADV7120 is fabricated in a +5 V CMOS process. Its 
monolithic CMOS construction ensures greater functionality 
with low power dissipation. The part is packaged in both a 0.6", 
40-pin plastic DIP and a 44-pin plastic leaded (J-lead) chip car- 
rier, PLCC. 


FUNCTIONAL BLOCK DIAGRAM 

FS 

v aa ADJUST V REF 


/ R 


PIXEL 

INPUT 

PORT 


REF WHITE 
BLANK 
SYNC 



PRODUCT HIGHLIGHTS 

1. Fast video refresh rate, 80 MHz. 

2. Compatible with a wide variety of high resolution color 
graphics video systems. 

3. Guaranteed monotonic with a maximum differential non- 
linearity of ±0.5 LSB. Integral nonlinearity is guaranteed to 
be a maximum of ±1 LSB. 


ADV is a registered trademark of Analog Devices Inc. 
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ADV7120— SPECIFICATIONS 


(Vu = +5 V ±5%; V REF = +1.235 V; R L = 37.5 to, C L = 10 pF; R SET = 
560 to. I SYNC connected to tOG. All Specifications T M(N to T^ 1 unless 
otherwise noted). 


Parameter 

All Versions 

Units 

Test Conditions/Comments 

STATIC PERFORMANCE 




Resolution (Each DAC) 

8 

Bits 


Accuracy (Each DAC) 




Integral Nonlinearity, INL 

±1 

LSB max 


Differential Nonlinearity, DNL 

±0.5 

LSB max 

Guaranteed Monotonic 

Gray Scale Error 

±5 

% Gray Scale max 

Max Gray Scale Current: IOG = (V REF * 12,082/R SET ) mA 




IOR, IOB = (V REF * 8,627/R set ) mA 

Coding 

Binary 



DIGITAL INPUTS 




Input High Voltage, V INH 

2 

V min 


Input Low Voltage, V INL 

0.8 

V max 


Input Current, I IN 

±1 

|xA max 

V IN = 0.4 V or 2.4 V 

Input Capacitance, C IN 2 

10 

pF max 


ANALOG OUTPUTS 




Gray Scale Current Range 

15 

mA min 



22 

mA max 


Output Current 




White Level Relative to Blank 

17.69 

mA min 

Typically 19.05 mA 


20.40 

mA max 


White Level Relative to Black 

16.74 

mA min 

Typically 17.62 mA 


18.50 

mA max 


Black Level Relative to Blank 

0.95 

mA min 

Typically 1.44 mA 


1.90 

mA max 


Blank Level on IOR, IOB 

0 

pA min 

Typically 5 pA 


50 

pA max 


Blank Level on IOG 

6.29 

mA min 

Typically 7.62 mA 


9.5 

mA max 


Sync Level on IOG 

0 

pA min 

Typically 5 pA 


50 

pA max 


LSB Size 

69.1 

pA typ 


DAC to DAC Matching 

5 

% max 

Typically 2% 

Output Compliance, V oc 

-1 

V min 



+ 1.4 

V max 


Output Impedance, Rqut 2 

100 

kO typ 


Output Capacitance, C oux 2 

30 

pF max 

lour = 0 mA 

VOLTAGE REFERENCE 




Voltage Reference Range, V REF 

1.14/1.26 

V min/V max 

Vr E f = 1 235 V for Specified Performance 

Input Current, I V ref 

-5 

mA typ 


POWER REQUIREMENTS 




v AA 

5 

V nom 


I A A 

125 

mA max 

Typically 80 mA: 80 MHz Parts 


100 

mA max 

Typically 70 mA: 50 MHz & 35 MHz Parts 

Power Supply Rejection Ratio 

0.5 

%/% max 

Typically 0.12%/%: f = 1 kHz, COMP = 0.1 pF 

Power Dissipation 

625 

mW max 

Typically 400 mW: 80 MHz Parts 


500 

mW max 

Typically 350 mW: 50 MHz & 30 MHz Parts 

DYNAMIC PERFORMANCE 




Glitch Impulse 2, 3 

50 

pV secs typ 


DAC Noise 2, 3 ’ 4 

200 

pV secs typ 


Analog Output Skew 

2 

ns max 

Typically 1 ns 


NOTES 

‘Temperature Range (T min to T max ); 0 to + 70°C. 

2 Sample tested at +25°C to ensure compliance. 

3 TTL input values are 0 to 3 volts, with input rise/fall times <3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. See timing notes in Figure 1. 

4 This includes effects due to clock and data feedthrough as well as RGB analog crosstalk. 

Specifications subject to change without notice. 
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ADV7120 


TIMING CHARACTERISTICS 


1 (V„ = +5 V ±5%; V REF = +1.235 V; R L = 37.5 ft, C L = 10 pF; R sfI = 560 ft. 
I sync connected to I0G. All Specifications T min to T max 2 unless otherwise noted.) 


Parameter 

80 MHz Version 

50 MHz Version 

30 MHz Version 

Units 

Conditions/Comments 


80 

50 

30 

MHz max 

Clock Rate 

ti 

3 

6 

8 

ns min 

Data & Control Setup Time 

b 

2 

2 

2 

ns min 

Data & Control Hold Time 

t 3 

12.5 

20 

33.3 

ns min 

Clock Cycle Time 

U 

4 

7 

9 

ns min 

Clock Pulse Width High Time 

t 5 

4 

7 

9 

ns min 

Clock Pulse Width Low Time 

t 6 

30 

30 

30 

ns max 

Analog Output Delay 


20 

20 

20 

ns typ 


b 

3 

3 

3 

ns max 

Analog Output Rise/Fall Time 

h 3 

12 

15 

15 

ns typ 

Analog Output Transition Time 


NOTES 

1 TTL input values are 0 to 3 volts, with input rise/fall times <3ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. See timing notes in Figure 1. 

2 Temperature range (T min to T max ): 0 to +70°C 
’Sample tested at +25°C to ensure comphance. 

Specifications subject to change without notice. 



NOTES 

1. OUTPUT DELAY (t 6 ) MEASURED FROM THE 50% POINT OF THE RISING EDGE OF 
CLOCK TO THE 50% POINT OF FULL-SCALE TRANSITION. 

2. TRANSITION TIME (t 8 ) MEASURED FROM THE 50% POINT OF FULL-SCALE 
TRANSITION TO WITHIN 2% OF THE FINAL OUTPUT VALUE. 

3. OUTPUT RISE/FALL TIME (t 7 ) MEASURED BETWEEN THE 10% AND 90% POINTS 
OF FULL TRANSITION. 


Figure 1. Video Input/Output Timing 
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ADV7120 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

Power Supply 
Ambient Operating 

V AA 

4.75 

5.00 

5.25 

Volts 

Temperature 

T A 

0 


+ 70 

°C 

Output Load 

r l 


37.5 


a 

Reference Voltage 

Vref 

1.14 

1.235 

1.26 

Volts 


ABSOLUTE MAXIMUM RATINGS* 

V AA toGND . +7 V 

Voltage on Any Digital Pin .... GND -0.5 V to V AA +0.5 V 

Ambient Operating Temperature (T A ) 0 to +70°C 

Storage Temperature (T s ) -65°C to +150°C 

Junction Temperature (Tj) +175°C 

Soldering Temperature (10 secs) 300°C 

Vapor Phase Soldering (1 minute) 220°C 

IOR, IOB, IOG, Isync to GND 1 0 V to V AA 

NOTES 

*Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
’Analog Output Short Circuit to any Power Supply or Common can be of an 
indefinite duration. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 



ORDERING GUIDE 


Model 

Speed 

Temperature 

Range 

Package 

Option* 

ADV7120KN80 

80 MHz 

0°C to +70°C 

N-40A 

ADV7120KN50 

50 MHz 

0°C to +70°C 

N-40A 

ADV7120KN30 

30 MHz 

0°C to +70°C 

N-40A 

ADV7120KP80 

80 MHz 

0°C to +70°C 

P-44A 

ADV7120KP50 

50 MHz 

0°C to +70°C 

P-44A 

ADV7120KP30 

30 MHz 

0°C to +70°C 

P-44A 


*N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information 
see Package Information section. 


PIN CONFIGURATIONS 


R4 (T • 
R5[F 

R6 [l 

R7 (T 

G °H 

gi |T 
G2 d 

G3 d 

<54 d 
<55(10 
<56 d 

BLANK (t3 
SYNC |l4 
Vaa d 
BO d 

B1 d 

B2d 

B3d 

B4 (io 


DIP 


PLCC 


TOP VIEW 
(Not to Scale) 


40j R3 

d| R2 

iO R1 

37] RO 

36] FS ADJUST 
35] V REF 
34] COMP 
33] IOR 
32] IO<5 
3l| Isync 
30] V AA 
29] IOB 
2(i] G ND 
^j<5ND 
26] GND 
m| CLOCK 
24j REF WHITE 
23] B7 
22] B6 
2^85 
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PIN FUNCTION DESCRIPTION 
Pin 

Mnemonic Function 


BLANK Composite blank control input (TTL compatible). A logic zero on this control input drives the analog outputs, IOR, 

IOB and IOG, to the blanking level. The BLANK signal is latched on the rising edge of CLOCK. While BLANK 
is a logical zero, the R0-R7, G0-G7, R0-R7 and REF WHITE pixel and control inputs are ignored. 

SYNC Composite sync control inpu t (TTL compatible). A logical zero on the SYNC input switches off a 40 IRE current 

source on the I SY nc output. SYNC does not override any other control or data input; therefore, it should only be 
asserted during the blanking interval. SYNC is latched on the rising edge of CLOCK. 

CLOCK Clock input (TTL compatible). The rising edge of CLOCK latches the R0-R7, G0-G7, B0-B7, SYNC, BLANK 

and REF WHITE pixel and control inputs. It is typically the pixel clock rate of the video system. CLOCK should 
be driven by a dedicated TTL buffer. 

REF WHITE Reference white control input (TTL compatible). A logical one on this input forces the IOR, IOG and IOB 
outputs to the white level, regardless of the pixel input data (R0-R7, G0-G7 and B0-B7). REF WHITE is 
latched on the rising edge of clock. 

R0-R7, Red, green and blue pixel data inputs (TTL compatible). Pixel data is latched on the rising edge of CLOCK. R0, 

G0-G7, GO and BO are the least significant data bits. Unused pixel data inputs should be connected to either the regular 

B0-B7 PCB power or ground plane. 

IOR, IOG, IOB Red, green, and blue current outputs. These high impedance current sources are capable of directly driving 

a doubly terminated 75 ft coaxial cable. All three current outputs should have similar output loads whether or not 
they are all being used. 


I SYNC Sync current output. This high impedance current source can be directly connected to the IOG output. This 

allows sync information to be encoded onto the green channel. I SY nc does not output any current while SYNC is 
at logical zero. The amount of current output at I SYNC while SYNC is at logical one is given by: 

I sync ( m A) = 3,455 x VfiEp ( V )/ Rset (^) 

If sync information is not required on the green channel, I SYNC should be connected to AGND. 

FS ADJUST Full-scale adjust control. A resistor (R S et) connected between this pin and GND, controls the magnitude of the 
full-scale video signal. Note that the IRE relationships are maintained, regardless of the full-scale output current. 

The relationship between R S et and the full-scale output current on IOG (assuming I SY nc is connected to IOG) is 
given by: 

Rset (&) = ^,082 x (V)/IOG (mA) 

The relationship between R SET and the full-scale output current on IOR and IOB is given by: 

IOR , IOB (mA) = 8,628 x V^f (V)/ R SET (ft) 

COMP Compensation pin. This is a compensation pin for the internal reference amplifier. A 0.1 p,F ceramic capacitor 

must be connected between COMP and V AA . 

V REF Voltage reference input. An external 1.2 V voltage reference must be connected to this pin. The use of an 

external resistor divider network is not recommended. A 0.1 fiF decoupling ceramic capacitor should be connected 
between V REF and V AA . 

V AA Analog power supply (5 V ± 5%). All V AA pins on the ADV7120 must be connected. 

GND Ground. All GND pins must be connected. 
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ADV7120 

TERMINOLOGY 
Blanking Level 

The level separating the SYNC portion from the video portion 
of the waveform. Usually referred to as the front porch or back 
porch. At 0 IRE units, it is the level which will shut off the pic- 
ture tube, resulting in the blackest possible picture. 

Color Video (RGB) 

This usually refers to the technique of combining the three pri- 
mary colors of red, green and blue to produce color pictures 
within the usual spectrum. In RGB monitors, three DACs are 
required, one for each color. 

Sync Signal (SYNC) 

The position of the composite video signal which synchronizes 
the scanning process. 

Gray Scale 

The discrete levels of video signal between reference black and 
reference white levels. An 8-bit DAC contains 256 different lev- 
els while a 6-bit DAC contains 64. 


Raster Scan 

The most basic method of sweeping a'CRT one line at a time to 
generate and display images. 

Reference Black Level 

The maximum negative polarity amplitude of the video signal. 
Reference White Level 

The maximum positive polarity amplitude of the video signal. 

Sync Level 

The peak level of the SYNC signal. 

Video Signal 

That portion of the composite video signal which varies in gray 
scale levels between reference white and reference black. Also 
referred to as the picture signal, this is the portion which may 
be visually observed. 
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□ ANALOG CMOS 

DEVICES 80 MHz, Triple 1 0-Bit Video DACs 

ADV71 21/ADV71 22 


FEATURES 

80 MHz Pipelined Operation 
Triple 10-Bit D/A Converters 
RS-343A/RS-170 Compatible Outputs 
TTL Compatible Inputs 
+5 V CMOS Monolithic Construction 
40-Pin DIP Package (ADV7121) 

44-Pin PLCC Package (ADV7122) 
Power Dissipation: 400 mW 

APPLICATIONS 

High Definition Television (HDT 
High Resolution Color Graphics 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Video Signal Reconstruction 
Direct Digital Synthesis (DDS) 


SPEED GRADES 
80 MHz 
50 MHz 
30 MHz 


GENERAL DESCRIPTION 

The ADV7121/ADV7122 (ADV®) is a video speed, digital-to- 
analog converter on a single monolithic chip. The part is 
specifically designed for high resolution color graphics and video 
systems including high definition television (HDTV). It consists 
of three, high speed, 10-bit, video D/A converters (RGB), a 
standard TTL input interface and high impedance, analog out- 
put, current sources. 

The ADV7121/ADV7122 has three separate, 10-bit, pixel input 
ports, one each for red, green and blue video data. A single +5 
V power supply, an external 1.23 V reference and pixel clock 
input is all that is required to make the part operational. The 
ADV7122 has additional video control signals, composite SYNC 
and BLANK. 

The ADV7121/ADV7122 is capable of generating RGB video 
output signals which are compatible with RS-343A, RS-170 and 
most proposed production system HDTV video standards, in- 
cluding SMPTE 240M. 

The AD V7 1 2 1/AD V7 1 22 is fabricated in a +5 V CMOS pro- 
cess. Its monolithic CMOS construction ensures greater func- 
tionality with low power dissipation. The ADV7121 is packaged 
in a 0.6", 40-pin plastic DIP package. The ADV7122 is pack- 
aged in a 44-pin plastic leaded (J-lead) chip carrier, PLCC. 



ADV7121 Functional Block Diagram 



GNO 


ADV7122 Functional Block Diagram 


PRODUCT HIGHLIGHTS 

1. Fast video refresh rate, 80 MHz. 

2. Guaranteed monotonic to 10 bits. Ten bits of resolution al- 
lows for implementation of linearization functions such as 
gamma correction and contrast enhancement. 

3. Compatible with a wide variety of high resolution color 
graphics systems including RS-343A/RS-170 and the pro- 
posed SMPTE 240M standard for HDTV. 
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ADV71 21 -SPECIFICATIONS 


(Vaa = +5 V ± 5%; V REF = +1.235 V; R L = 37.5 il, C L = 10 pF; R SET = 
560 O. All Specifications T min to unless otherwise noted.) 


Parameter 

J Version 

K Version 

Units 

Test Conditions/Comments 

STATIC PERFORMANCE 





Resolution (Each DAC) 

10 

10 

Bits 


Accuracy (Each D AC) 





Integral Nonlinearity, INL 

■ ±3 

±2 

LSB max 


Differential Nonlinearity, DNL 

+ 1.5/- 1.0 

±1 

LSB max 

Guaranteed Monotonic 

Gray Scale Error 

±5 

±5 

% Gray Scale max 

Max Gray Scale Current = (V REF * 7,969/ R SET ) mA 

Coding 



Binary 


DIGITAL INPUTS 





Input High Voltage, V INH 

2 

2 

V min 


Input Low Voltage, V INL 

0.8 

0.8 

V max 


Input Current, I IN 

±1 

±1 

|aA max 

V IN == 0.4 V or 2.4 V 

Input Capacitance, C IN 2 

10 

10 

pF max 


ANALOG OUTPUTS 





Gray Scale Current Range 

15 

15 

mA min 



22 

22 

mA max 


Output Current 





White Level 

16.74 

16.74 

mA min 

Typically 17.62 mA 


18.50 

18.50 

mA max 


Black Level 

0 

0 

jxA min 

Typically 5 |x A 


50 

50 

[iA max 


LSB Size 

17.28 

17.28 

IxA typ 


DAC to DAC Matching 

5 

5 

% max 

Typically 2% 

Output Compliance, V oc 

-1 

-1 

V min 



+ 1.4 

+ 1.4 

V max 


Output Impedance, R 0 ut 2 

100 

100 

kfl typ 


Output Capacitance, C OU t 2 

30 

30 

pF max 

Iout = 0 m A 

VOLTAGE REFERENCE 





Voltage Reference Range, V REF 

1.14/1.26 

1.14/1.26 

V min/V max 

V REF = 1.235 V for Specified Performance 

Input Current, I V ref 

-5 

-5 

mA typ 


POWER REQUIREMENTS 





v AA 

5 

5 

V nom 


Iaa 

125 

125 

mA max 

Typically 80 mA: 80 MHz Parts 


100 

100 

mA max 

Typically 70 mA: 50 MHz & 35 MHz Parts 

Power Supply Rejection Ratio 2 

0.5 

0.5 

% / % max 

Typically 0.12 %/%: f = 1 kHz, COMP = 0.1 jjlF 

Power Dissipation 

625 

625 

mW max 

Typically 400 mW: 80 MHz Parts 


500 

500 

mW max 

Typically 350 mW: 50 MHz & 35 MHz Parts 

DYNAMIC PERFORMANCE 





Glitch Impulse 2, 3 

50 

50 

pV secs typ 


DAC Noise 2 / 3 > 4 

200 

200 

pV secs typ 


Analog Output Skew 

2 

2 

ns max 

Typically 1 ns 


NOTES 

‘Temperature Range (T min to T max ): 0 to + 70°C. 

2 Sample tested at 25°C to ensure compliance. 

3 TTL input values are 0 to 3 volts, with input rise/fall times <3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. See timing notes in Figure 1. 

4 This includes effects due to clock and data feedthrough as well as RGB analog crosstalk. 

Specifications subject to change without notice. 
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ADV7122— SPECIFICATIONS 


(V M = +5 V ± 5%; V REF = +1.235 V; R L = 37.5 C L = 10 pF; R SET = 
560 ft. All Specifications T mjn to l ma% ] unless otherwise noted.) 


Parameter 

J Version 

K Version 

Units 

Test Conditions/Comments 

STATIC PERFORMANCE 





Resolution (Each DAC) 

10 

10 

Bits 


Accuracy (Each DAC) 





Integral Nonlinearity, INL 

±3 

±2 

LSB max 


Differential Nonlinearity, DNL 

+ 1.5/- 1.0 

±1 

LSB max 

Guaranteed Monotonic 

Gray Scale Error 

±5 

±5 

% Gray Scale max 

Max Gray Scale Current: IOG = (V ref * 12.082/R set ) mA 





IOR, IOB = (V ref * 8,627/R set ) mA 

Coding 



Binary 


DIGITAL INPUTS 





Input High Voltage, V INH 

2 

2 

V min 


Input Low Voltage, V INL 

0.8 

0.8 

V max 


Input Current, I IN 

±1 

±1 

(jlA max 

V IN = 0.4 V or 2.4 V 

Input Capacitance, C IN 2 

10 

10 

pF max 


ANALOG OUTPUTS 





Gray Scale Current Range 

15 

15 

mA min 



22 

22 

mA max 


Output Current 





White Level Relative to Blank 

17.69 

17.69 

mA min 

Typically 19.05 mA 


20.40 

20.40 

mA max 


White Level Relative to Black 

16.74 

16.74 

mA min 

Typically 17.62 mA 


18.50 

18.50 

mA max 


Black Level Relative to Blank 

0.95 

0.95 

mA min 

Typically 1.44 mA 


1.90 

1.90 

mA max 


Black Level on IOR, IOB 

0 

0 

(jlA min 

Typically 5 jaA 


50 

50 

p.A max 


Black Level on IOG 

6.29 

6.29 

mA min 

Typically 7.62 mA 


9.5 

9.5 

mA max 


Sync Level on IOG 

0 

0 

l±A min 

Typically 5 jjlA 


50 

50 

|xA max 


LSB Size 

17.28 

17.28 

jxA typ 


DAC to DAC Matching 

5 

5 

% max 

Typically 2% 

Output Compliance, Vqc 

-1 

-1 

V min 



+ 1.4 

+ 1.4 

V max 


Output Impedance, Rout 2 

100 

100 

kH typ 


Output Capacitance, C G ut 2 

30 

30 

pF max 

Iout = 0 

VOLTAGE REFERENCE 





Voltage Reference Range, V REF 

1.14/1.26 

1.14/1.26 

V min/V max 

V REF = 1.235 V for Specified Performance 

Input Current, I V ref 

-5 

-5 

mA typ 


POWER REQUIREMENTS 





V A a 

5 

5 

V nom 


Iaa 

125 

125 

mA max 

Typically 80 mA: 80 MHz Parts 


100 

100 

mA max 

Typically 70 mA: 50 MHz & 35 MHz Parts 

Power Supply Rejection Ratio 2 

0.5 

0.5 

%/% max 

Typically 0.12%/%: f = 1 kHz, COMP = 0.01 jjlF 

Power Dissipation 

625 

625 

mW max 

Typically 400 mW: 80 MHz Parts 


500 

500 

mW max 

Typically 350 mW: 50 MHz & 35 MHz Parts 

DYNAMIC PERFORMANCE 





Glitch Impulse 2, 3 

50 

50 

pV secs typ 


DAC Noise 2, 3 ’ 4 

200 

200 

pV secs typ 


Analog Output Skew 

2 

2 

ns max 

Typically 1 ns 


NOTES 

'Temperature Range (T min to T max ): 0 to + 70°C. 

2 Sample tested at 25°C to ensure compliance. 

3 TTL input values are 0 to 3 volts, with input rise/fall times ^3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. See timing notes in Figure 1. 

4 This includes effects due to clock and data feedthrough as well as RGB analog crosstalk. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS 1 


(V M = +5 V ± 5%; V REF = +1.235 V; R L = 37.5 ft, C L = 10 pF; = 560 ft. 
All Specifications T min to T max 2 unless otherwise noted.) 


Parameter 

80 MHz Versions 

50 MHz Versions 

30 MHz Versions 

Units 

Conditions/Comments 

fmax 

80 

50 

30 

MHz max 

Clock Rate 

ti 

3 

6 

8 

ns min 

Data & Control Setup Time 

t 2 

2 

2 

2 

ns min 

Data & Control Hold Time 

b 

12.5 

20 

33.3 

ns min 

Clock Cycle Time 

t 4 

4 

7 

9 

ns min 

Clock Pulse Width High Time 

t 5 

4 

7 

9 

ns min 

Clock Pulse Width Low Time 

t 6 

30 

30 

30 

ns max 

Analog Output Delay 


20 

20 

20 

ns typ 


b 

3 

3 

3 

ns max 

Analog Output Rise/Fall Time 

t 8 3 

12 

15 

15 

ns typ 

Analog Output Transition Time 


NOTES 

l TTL input values are 0 to 3 volts, with input rise/fall times <3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. See timing notes in Figure 1. 

2 Temperature range (T min to T max ): 0 to +70°C. 

3 Sample tested at +25°C to ensure compliance. 

Specifications subject to change without notice. 



NOTES 

1. OUTPUT DELAY ( t 6 ) MEASURED FROM THE 50% POINT OF THE 
RISING EDGE OF THE CLOCK TO THE 50% POINT OF 
FULL-SCALE TRANSITION. 

2. TRANSITION TIME ( t 8 ) MEASURED FROM THE 50% POINT OF 
FULL-SCALE TRANSITION TO WITHIN 2% OF THE FINAL OUTPUT 
VALUE. 

3. OUTPUT RISE/FALL TIME ( t 7 ) MEASURED BETWEEN THE 10% 
AND 90% POINTS OF FULL-SCALE TRANSITION. 

4. SYNC AND BLANK DIGITAL INPUTS ARE NOT PROVIDED ON 
THE ADV7121. 


Figure 1. Video Input/Output Timing 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

Power Supply 

v AA 

4.75 

5.00 

5.25 

Volts 

Ambient Operating 






Temperature 

T A 

0 


+70 

°C 

Output Load 

Rl 


37.5 


n 

Reference Voltage 

VreF 

1.14 

1.235 

1.26 

Volts 
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ORDERING GUIDE 


Model 

Speed 

Accu 

DNL 

racy 

INL 

Temperature 

Package 

Option 1 

ADV7121JN80 

80 MHz 

+ 1.5 

±3 

0°C to +70°C 

N-40A 

ADV7121JN50 

50 MHz 

+ 1.5 

±3 

0°C to +70°C 

N-40A 

ADV7121JN30 

30 MHz 

+ 1.5 

±3 

0°C to +70°C 

N-40A 

ADV7121KN80 

80MHz 

±1 

±2 

0°C to +70°C 

N-40A 

ADV7121KN50 

50MHz 

+ 1 

±2 

0°C to +70°C 

N-40A 

ADV7121KN30 

30 MHz 

±1 

±2 

0°C to +70°C 

N-40A 

ADV7122JP80 

80 MHz 

+ 1.5 

±3 

0°C to +70°C 

P-44A 2 

ADV7122JP50 

80 MHz 

+ 1.5 

±3 

0°C to +70°C 

P-44A 2 

ADV7122JP30 

80 MHz 

+ 1.5 

±3 

0°C to +70°C 

P-44A 2 

ADV7122KP80 

80 MHz 

±1 

±2 

0°C to +70°C 

P-44A 2 

ADV7122KP50 

50 MHz 

±1 

±2 

0°C to +70°C 

P-44A 2 

ADV7122KP30 

30 MHz 

_£j__ 

±2 

0°C to +70°C 

P-44A 2 


ABSOLUTE MAXIMUM RATINGS* 

V AA to GND +7 V 

Voltage on Any Digital Pin GND -0.5 V to V AA +0.5 V 

Ambient Operating Temperature (T A ) 0 to +70°C 

Storage Temperature (T s ) -65°C to + 150°C 

Junction Temperature (Tj) + 175°C 

Soldering Temperature (5 secs) 220°C 

Vapor Phase Soldering (1 minute) 220°C 

IOR, IOB, IOG to GND 1 0 V to V AA 

NOTES 

♦Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
'Analog output short circuit to any power supply or common can be of an 
indefinite duration. 


NOTES 

'N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see 
Package Information section. 

2 PLCC: Plastic Leaded Chip Carrier (J-lead). 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 


WARNING! 



PIN CONFIGURATIONS 


PLCC (P-44A) Package 


DIP (N-40A) Package 


o o> co r** torn n co cm *- o 

occocccrttccflcirixcc 





/ * 1 


gi|T 


39] FS ADJUST 

G2 [T 


3 V RI=F 

G3 (7 


37] COMP 

G4 [To 


36j IOR 

G5 [l7 

ADV7122 PLCC 

35] IOG 

G6 [7 

TOP VIEW 

3fj V A a 

G7 jl3 

(Not to Scale) 

33 ] v AA 

G8 [v4 


32] IOB 

G9 [7 


3l] GND 

BLANK (Te 


3o] GND 

SYNC [l7 

v J 

29] CLOCK 


< o x; w ^ i/> <I> £ 00 0 > 

< cd m m m cd a> m cdodod 


R6 [T 


40] R5 

R7(T 


M]R4 

R8 [7 


3S] R3 

R9 [T 


37] R2 

GO [7 


36jR1 

Gl[7 


3§] R0 

G2|7 

ADV7121 DIP 

34] FS ADJUST 

G3H 

TOP VIEW 

331 Vref 

G4[7 

(Not to Scale) 

32) COMP 

G5 [l0 


3lJ IOR 

G6 [T7 


3o] IOG 

G7 [t2 


29] Vaa 

G8 [l3 


28] IOB 

G9[l4 


27] GND 
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m] CLOCK 

B0 [7 


2sj B9 

Bl[l7 


24] B8 

B2 [7 
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22] B6 
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PIN FUNCTION DESCRIPTION 

Pin 

Mnemonic Function 

BLANK* Composite blank control input (TTL compatibl e). A logi c zero on this control input drives the analog outputs, 

IOR, IOB and IOG, to the blanking level. The BLANK signal is latched on the rising edge of CLOCK. While 
BLANK is a logical zero, the R0-R9, G0-G9 and R0-R9 pixel inputs are ignored. 

SYNC* Composite sync control input (TTL compatible). A logical zero on the SYNC input switches off a 40 IRE 

current source. This is internally connected to the IOG analog output. SYNC does not o verride any other 
control or data input, therefore, it should only be asserted during the blanking interval. SYNC is latched on the 
rising edge of CLOCK. 

If sync information is not required on the green channel, the SYNC input should be tied to logical zero. 

CLOCK Clock inp ut (TTL compatible). The rising edge of CLOCK latches the R0-R9, G0-G9, B0-B9, SYNC and 

BLANK pixel and control inputs. It is typically the pixel clock rate of the video system. CLOCK should be 
driven by a dedicated TTL buffer. 

R0-R9, Red, green and blue pixel data inputs (TTL compatible). Pixel data is latched on the rising edge of CLOCK. 

G0-G9, R0, GO and BO are the least significant data bits. Unused pixel data inputs should be connected to either the 

B0-B9 regular PCB power or ground plane. 

IOR, IOG, IOB Red, green, and blue current outputs. These high impedance current sources are capable of directly driving a 

doubly terminated 75 ft coaxial cable. All three current outputs should have similar output loads whether or not 
they are all being used. 

FS ADJUST Full-scale adjust control. A resistor (R S et) connected between this pin and GND, controls the magnitude of the 

full-scale video signal. Note that the IRE relationships are maintained, regardless of the full-scale output 
current; 

The relationship between R SET and the full-scale output current on IOG (assuming I S ync ls connected to IOG) 
is given by: 

R set (ft) = 12,082 x V REF (V)/IOG (mA) 

The relationship between R SE t and the full-scale output current on IOR, IOG and IOB is given by: 

IOG* (mA) = 12,082 x V REF (V)/R SET (ft) (SYNC being asserted) 

IOR, IOB (mA) = 8,628 x V REF (V)/R SET (ft) 

The equation for IOG will be the same as that for IOR and IOB when SYNC is not being used, i.e., SYNC 
tied permanently low. For the ADV7121, all three analog output currents are as described by: 

IOR, IOG, IOB (mA) = 7,969 x V REF (V)/R SET (ft) 

COMP Compensation pin. This is a compensation pin for the internal reference amplifier. A 0.1 pF ceramic capacitor 

must be connected between COMP and V AA . 

V REF Voltage reference input. An external 1.23V voltage reference must be connected to this pin. The use of an 

external resistor divider network is not recommended. A 0.1 pF decoupling ceramic capacitor should be 
connected between V REF and V AA . 

Vaa Analog power supply (5 V ± 5%). All V AA pins on the ADV7121/ADV7122 must be connected. 

GND Ground. All GND pins must be connected. 

*SYNC and BLANK functions are not provided on the ADV7121. 
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TERMINOLOGY 
Blanking Level 

The level separating the SYNC portion from the video portion 
of the waveform. Usually referred to as the front porch or back 
porch. At 0 IRE units, it is the level which will shut off the pic- 
ture tube, resulting in the blackest possible picture. 

Color Video (RGB) 

This usually refers to the technique of combining the three pri- 
mary colors of red, green and blue to produce color pictures 
within the usual spectrum. In RGB monitors, three DACs are 
required, one for each color. 

Sync Signal (SYNC) 

The position of the composite video signal which synchronizes 
the scanning process. 

Gray Scale 

The discrete levels of video signal between reference black and 
reference white levels. A 10-bit DAC contains 1024 different 
levels, while an 8-bit DAC contains 256. 


Raster Scan 

The most basic method of sweeping a CRT one line at a time to 
generate and display images. 

Reference Black Level 

The maximum negative polarity amplitude of the video signal. 
Reference White Level 

The maximum positive polarity amplitude of the video signal. 
Sync Level 

The peak level of the SYNC signal. 

Video Signal 

That portion of the composite video signal which varies in gray 
scale levels between reference white and reference black. Also 
referred to as the picture signal, this is the portion which may 
be visually observed. 


CIRCUIT DESCRIPTION & OPERATION 

The ADV7121/ADV7122 contains three 10-bit D/A converters, 
with three input channels, each containing a 10-bit register. Also 
integrated on board the part is a re ference amplifier. CRT con- 
trol functions BLANK and SYNC are integrated on board the 
ADV7122. 

Digital Inputs 

Thirty bits of pixel data (color information) R0-R9, G0-G9 and 
B0-B9 are latched into the device on the rising edge of each 
clock cycle. This data is presented to to the three 10-bit DACs 
and is then converted to three analog (RGB) output waveforms. 
See Figure 2. 


Table I details the resultant effect on the analog outputs of 
BLANK and SYNC. 

All these digital inputs are specified to accept TTL logic levels. 

Clock Input 

The CLOCK input of the ADV7121/ADV7122 is- typically the 
pixel clock rate of the system. It is also known as the dot rate. 
The dot rate, and hence the required CLOCK frequency, will 
be determined by the on-screen resolution, according to the fol- 
lowing equation: 

Dot Rate = ( Horiz Res) x (Vert Res) x ( Refresh Rate )/ 
(Retrace Factor) 


The ADV7122 has two additional control signals, which are 
latched to the analog video outputs in a similar fashion. 

BLANK and SYNC are each latched on the rising edge of 
CLOCK to maintain synchronization with the pixel data stream. 

The BLANK and SYNC functions allow for the encoding of 
these video synchronization signals onto the RGB video output. 
This is done by adding appropriately weighted current sources 
to the an alog outputs, as determined by the logic levels on the 
BLANK and SYNC digital inputs. Figure 3 shows the analog 
output, RGB video waveform of the ADV7121/ADV7122 . The 
influence of SYNC and BLANK on the analog video waveform 
is illustrated. 


Horiz Res 
Vert Res 
Refresh Rate 


Retrace Factor = 


Number of Pixels/Line. 

Number of Lines/Frame. 

Horizontal Scan Rate. This is the rate at 
which the screen must be refreshed, typ- 
ically 60 Hz for a noninterlaced system 
or 30 Hz for an interlaced system. 

Total Blank Time Factor. This takes 
into account that the display is blanked 
for a certain fraction of the total dura- 
tion of each frame (e.g., 0.8). 



Figure 2. Video Data Input/Output 
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If we therefore have a graphics system with a 1024 x 1024 reso- 
lution, a noninterlaced 60 Hz refresh rate and a retrace factor of 

0.8, then: 

Dot Rate = 1024 x 1024 x 60/0.8 

= 78.6 MHz 


The required CLOCK frequency is thus 78.6 MHz. 

All video data and control inputs are latched into the 
ADV7121/ADV7122 on the rising edge of CLOCK, as previ- 
ously described in the “Digital Inputs” section. It is recom- 
mended that the CLOCK input to the ADV7121/ADV7122 be 
driven by a TTL buffer (e.g., 74F244). 


RED, BLUE 

| GREEN 

mA 

V 

mA 

V 

19.05 

0.714 

26.67 

1.000 

1.44 

0.054 

9.05 

0.340 

0 

0 

7.62 

0.286 



0 

0 



WHITE LEVEL 


BLACK LEVEL 
BLANK LEVEL 

SYNC LEVEL 


NOTES 

1. OUTPUTS CONNECTED TO A DOUBLY TERMINATED 75Q LOAD. 

2. Vref = 1 .235V, R set = 560Q . 

3. RS-343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 


Figure 3. RGB Video Output Waveform 


Description 

IOG 

(mA ) 1 

IOR, IOB 
(mA) 

SYNC 

BLANK 

DAC 

Input Data 

WHITE LEVEL 

26.67 

19.05 

1 

1 

3FFH 

VIDEO 

video + 9.05 

video + 1.44 

1 

1 

data 

VIDEO to BLANK 

video + 1.44 

video + 1.44 

0 

1 

data 

BLACK LEVEL 

9.05 

1.44 

1 

1 

00H 

BLACK to BLANK 

1.44 

1.44 

0 

1 

00H 

BLANK LEVEL 

7.62 

0 

1 

0 

xxH 

SYNC LEVEL 

0 

0 

0 

0 

xxH 


NOTE 

'Typical with full-scale IOG = 26.67 mA. V REF = 1.235 V, R SET = 560 (1, I SYN c connected to IOG. 


Table la. Video Output Truth Table for the ADV7122 


Description 

IOR, IOG, IOB (mA ) 1 

DAC Input Data 

WHITE LEVEL 

17.62 

3FF 

VIDEO 

video 

data 

VIDEO to BLACK 

video 

data 

BLACK LEVEL 

0 

00H 


NOTE 

'Typical with full-scale = 17.62 mA. V REF = 1.235 V, R SET = 560 O. 


Table lb. Video Output Truth Table for the ADV7121 
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Video Synchronization & Control 

The ADV7122 has a single composite sync (SYNC) input con- 
trol. Many graphics processors and CRT controllers have the 
ability of generating horizontal sync (HSYNC), vertical sync 
(VSYNC) and composite SYNC. 

In a graph ics syst em which does not automatically generate a 
composite SYNC signal, the inclusion of some add itional logic 
circuitry will enable the generation of a composite SYNC signal. 

The sync current is internally connected directly to the IOG 
output, thus encoding video synchronization information onto 
the green video channel. If it is not required to encode sync in- 
formation onto the ADV7122, the SYNC input should be tied to 
logic low. 

Reference Input 

An external 1.23 V voltage reference is required to drive the 
ADV7121/ADV7122. The AD589 from Analog Devices is an 
ideal choice of reference. It is a two- terminal, low cost, tempera- 
ture compensated bandgap voltage reference which provides a 
fixed 1.23 V output voltage for input currents between 50 fxA 
and 5 mA. Figure 4 shows a typical reference circuit connection 
diagram. The voltage reference gets its current drive from the 
ADV7121/ADV7122’s V AA through an on-board 1 kft resistor to 
the V REF pin. A 0.1 pJF ceramic capacitor is required between 
the COMP pin and V AA . This is necessary so as to provide com- 
pensation for the internal reference amplifier. 

A resistance R S et connected between FS ADJUST and GND 
determines the amplitude of the output video level according to 
Equations 1 and 2 for the ADV7122 and Equation 3 for the 


ADV7121: 

IOG * (mA) = 12,082 x V^p (V)/R SET (ft) (1) 

IOR, IOB (mA) = 8,628 x (V)/R SET (ft) (2) 


IOR, IOG, IOB (mA) = 7,969 x (V)/R SET (ft) . . (3) 

* Only ap plies to the ADV7122 when SYNC is being used. If 
SYNC is not being encoded onto the green channel, then 
Equation 1 will be similar to Equation 2. 


ANALOG POWER PLANE 



AD589 

(1.235V 

VOLTAGE 

REFERENCE) 


* ADDITIONAL CIRCUITRY. INCLUDING 
DECOUPLING COMPONENTS, 
EXCLUDED FOR CLARITY 


Figure 4. Reference Circuit 


Using a variable value of R SET , as shown in Figure 4, allows for 
accurate adjustment of the analog output video levels. Use of a 
fixed 560 ft R set resistor yields the analog output levels as 
quoted in the specification page. These values typically corre- 
spond to the RS-343A video waveform values as shown in 
Figure 3. 

D/A Converters 

The ADV7121/ADV7122 contains three matched 10-bit D/A 
converters. The DACs are designed using an advanced, high 
speed, segmented architecture. The bit currents corresponding 
to each digital input are routed to either the analog output 
(bit = “1”) or GND (bit = “0”) by a sophisticated decoding 
scheme. As all this circuitry is on one monolithic device, match- 
ing between the three DACs is optimized. As well as matching, 
the use of identical current sources in a monolithic design guar- 
antees monotonicity and low glitch. The on-board operational 
amplifier stabilizes the full-scale output current against tempera- 
ture and power supply variations. 

Analog Outputs 

The ADV7121/ADV7122 has three analog outputs, correspond- 
ing to the red, green and blue video signals. 

The red, green and blue analog outputs of the ADV7121/ 
ADV7122 are high impedance current sources. Each one of 
these three RGB current outputs is capable of directly driving a 
37.5 ft load, such as a doubly terminated 75 ft coaxial cable. 
Figure 5a shows the required configuration for each of the three 
RGB outputs connected into a doubly terminated 75 ft load. 
This arrangement will develop RS-343A video output voltage 
levels across a 75 ft monitor. 

A suggested method of driving RS-170 video levels into a 75 ft 
monitor is shown in Figure 5b. The output current levels of the 
DACs remain unchanged, but the source termination resistance, 
Z s , on each of the three DACs is increased from 75 ft to 150 ft. 



TERMINATION REPEATED THREE TIMES 
FOR RED, GREEN AND BLUE DACs 


Figure 5a. Analog Output Termination for RS-343A 



TERMINATION REPEATED THREE TIMES 
FOR RED, GREEN AND BLUE DACs 

Figure 5b. Analog Output Termination for RS-170 
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More detailed information regarding load terminations for vari- 
ous output configurations, including RS-343A and RS-170, is 
available in an Application Note entitled “Video Formats & 
Required Load Terminations” available from Analog Devices, 
publication no. E1228— 15— 1/89. 

Figure 3 shows the video waveforms associated with the three 
RGB outputs driving the doubly terminated 75 O load of Fig- 
ure 5a. As well as the gray scale levels, Black Level to White 
Level, th e diagram also shows the contributions of SYNC and 
BLANK for the ADV7122. These control inputs add appro- 
priately weighted currents to the analog outputs, producing 
the specific output level require men ts for vide o applications. 
Table la details how the SYNC and BLANK inputs modify 
the output levels. 

Gray Scale Operation 

The ADV7121/ADV7122 can be used for stand-alone, gray scale 
(monochrome) or composite video applications (i.e., only one 
channel used for video information). Any one of the three chan- 
nels, RED, GREEN or BLUE can be used to input the digital 
video data. The two unused video data channels should be tied 
to logical zero. The unused analog outputs should be terminated 
with the same load as that for the used channel. In other words, 
if the red channel is used and IOR is terminated with a doubly- 
terminated 75 Cl load (37.5 O), IOB and IOG should be termi- 
nated with 37.5 Cl resistors. See Figure 6. 



Figure 6. Input and Output Connections for Stand-Alone 
Gray Scale or Composite Video 


PC Board Layout Considerations 

The ADV7121/ADV7122 is optimally designed for lowest noise 
performance, both radiated and conducted noise. To comple- 
ment the excellent noise performance of the ADV7121/ 
ADV7122 it is imperative that great care be given to the PC 
board layout. Figure 8 shows a recommended connection dia- 
gram for the AD V7 1 2 1/AD V7 1 22 . 

The layout should be optimized for lowest noise on the 
ADV7121/ADV7122 power and ground lines. This can be 
achieved by shielding the digital inputs and providing good 
decoupling. The lead length between groups of V AA and GND 
pins should by minimized so as to minimize inductive ringing. 

Ground Planes 

The ADV7121/ADV7122 and associated analog circuitry, should 
have a separate ground plane referred to as the analog ground 
plane. This ground plane should connect to the regular PCB 


Video Output Buffers 

The AD V7 12 1/ADV7 122 is specified to drive transmission line 
loads, which is what most monitors are rated as. The analog 
output configurations to drive Such loads are described in the 
Analog Interface section and illustrated in Figure 5. However, 
in some applications it may be required to drive long “transmis- 
sion line” cable lengths. Cable lengths greater than 10 meters 
can attenuate and distort high frequency analog output pulses. 
The inclusion of output buffers will compensate for some cable 
distortion. Buffers with large full power band widths and gains 
between 2 and 4 will be required. These buffers will also need 
to be able to supply sufficient current over the complete output 
voltage swing. Analog Devices produces a range of suitable op 
amps for such applications. These include the AD84x series of 
monolithic op amps. In very high frequency applications (80 
MHz), the AD9617 is recommended. More information on line 
driver buffering circuits is given in the relevant op amp data 
sheets. 

Use of buffer amplifiers also allows implementation of other 
video standards besides RS-343A and RS-170. Altering the gain 
components of the buffer circuit will result in any desired video 
level. 


z 2 z, 



Figure 7. AD848 As an Output Buffer 


ground plane at a single point through a ferrite bead, as illus- 
trated in Figure 8. This bead should be located as close as possi- 
ble (within 3 inches) to the ADV7121/ADV7122. 

The analog ground plane should encompass all ADV7121/ 
ADV7122 ground pins, voltage reference circuitry, power sup- 
ply bypass circuitry, the analog output traces and any output 
amplifiers. 

The regular PCB ground plane area should encompass all the 
digital signal traces, excluding the ground pins, leading up to 
the ADV7 1 2 1/ADV7 1 22 . 

Power Planes 

The PC board layout should have, two distinct power planes, one 
for analog circuitry and one for digital circuitry. The analog 
power plane should encompass the ADV7121/ADV7122 (V AA ) 
and all associated analog circuitry. This power plane should be 
connected to the regular PCB power plane (V cc ) at a single 
point through a ferrite bead, as illustrated in Figure 8. This 
bead should be located within three inches of the 
ADV7121/ADV7122. 
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The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provide 
power to all ADV7121/ADV7122 power pins, voltage reference 
circuitry and any output amplifiers. 

The PCB power and ground planes should not overlay portions 
of the analog power plane. Keeping the PCB power and ground 
planes from overlaying the analog power plane will contribute to 
a reduction in plane-to-plane noise coupling. 

Supply Decoupling 

Noise on the analog power plane can be further reduced by the 
use of multiple decoupling capacitors (see Figure 8). 


Digital Signal Interconnect 

The digital signal lines to the ADV7121/ADV7122 should be 
isolated as much as possible from the analog outputs and other 
analog circuitry. Digital signal lines should not overlay the ana- 
log power plane. 

Due to the high clock rates used, long clock lines to the 
ADV7121/ADV7122 should be avoided so as to minimize noise 
pickup. 

Any active pull-up termination resistors for the digital inputs 
should be connected to the regular PCB power plane (V cc ), and 
not the analog power plane. 


Optimum performance is achieved by the use of 0.1 |xF ceramic 
capacitors. Each of the two groups of V AA should be individu- 
ally decoupled to ground. This should be done by placing the 
capacitors as close as possible to the device with the capacitor 
leads as short as possible, thus minimizing lead inductance. 

It is important to note that while the ADV7121/ADV7122 
contains circuitry to reject power supply noise, this rejection 
decreases with frequency. If a high frequency switching power 
supply is used, the designer should pay close attention to reduc- 
ing power supply noise. A dc power supply filter (Murata 
BNX002) will provide EMI suppression between the switching 
power supply and the main PCB. Alternatively, consideration 
could be given to using a three terminal voltage regulator. 


Analog Signal Interconnect 

The ADV7121/ADV7122 should be located as close as possible 
to the output connectors thus minimizing noise pickup and 
reflections due to impedance mismatch. 

The video output signals should overlay the ground plane, and 
not the analog power plane, thereby maximizing the high fre- 
quency power supply rejection. 

For optimum performance, the analog outputs should each have 
a source termination resistance to ground of 75 Cl (doubly termi- 
nated 75 fl configuration). This termination resistance should be 
as close as possible to the ADV7121/ADV7122 so as to minimize 
reflections. 

Additional information on PCB design is available in an applica- 
tion note entitled “Design and Layout of a Video Graphics Sys- 




COMPONENT DESCRIPTION VENDOR PART NUMBER 

Cl 33pF TANTALUM CAPACITOR 

C2 IOmF TANTALUM 

C3, C4, C5.C6 O.lnF CERAMIC CAPACITOR 

L1,L2 FERRITE BEAD FAIR-RITE 2743001 1 1 OR MUR ATA BL01 02/03 

R1, R2, R3 750 1% METAL FILM RESISTOR DALE CMF-55C 

Rset 560U 1% METAL FILM RESISTER DALE CMF-55C 

Z1 1.235V VOLTAGE REFERENCE ANALOG DEVICES AD589JH 


Figure 8. ADV7121/ADV7122 Typical Connection Diagram and Component List 
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ANALOG 

DEVICES 


CMOS Continuous Edge Graphics 
RAM-DACs (CEG/DACs) 


ADV71 41 /ADV71 46/A0V71 48* 


FEATURES 

Proprietary Antialiasing Function 
Dejagging of Lines, Arcs, Circles, Fonts, etc. 

Effective 24-Bit True Color Performance 
Dynamic Palette Load (DPL) Function 
Plug-in Upgrade for Standard VGA RAM-DACs 
ADV478/ADV471, ADV476 (ADV®) & Inmos 171/176t 
Fully PS/2t, VGAt and 8514/ At Compatible 
66 MHz Pipelined Operation 
Triple 8-Bit/6-Bit D/A Converters 
256 x 24 (18) Color Palette RAM 
On-Board Gamma-Correction 
On-Board Antisparkle Circuit 
RS-343A/RS-170 Compatible Outputs 
External Voltage or Current Reference 
Standard MPU Interface 
+5 V CMOS Monolithic Construction 
APPLICATIONS 

High Resolution Color Graphics 

True Color Graphics 

Digital Typography (Smooth Fonts) 

Scientific Visualization 
3-D Solids Modeling 
CAE/CAD/CAM Applications 
Image Processing 
Instrumentation 
Desktop Publishing 
AVAILABLE CLOCK RATES 
66 MHz 
50 MHz 
35 MHz 

GENERAL DESCRIPTION 

The Analog Devices’ Continuous Edge Graphics! RAM- D AC 
(CEGf/DAC) dramatically improves image quality of standard 
analog color systems, by eliminating the jagged edges of com- 
puter generated images (antialiasing) and by providing an 
extended color palette for 3D modeling. This increased perfor- 
mance is achieved while at the same time maintaining full pin 
and functional compatibility with existing video RAM-DACs 
and color palettes used in VGA graphics systems. 

The CEG/DAC implements a proprietary antialiasing or 
“dejagging” function. This is used to smooth the jagged edges 
associated with lines, circles and other nonrectangular objects 
displayed on a regular CRT screen. The part also allows for the 
effective display of 24-bit true color images on a standard 8-bit 
system, without the requirement of increased memory. More 
than 740,000 colors can be simultaneously displayed on an 
8-bit/pixel system as against the 256 colors normally associated 
with 8-bit/pixel systems. This is achieved by a combination of 
the antialiasing function and a unique dynamic palette load 


FUNCTIONAL BLOCK DIAGRAM 



(DPL) feature. DPL allows for color palette writes (color alter- 
ations) during a single frame image. 

The CEG/DAC combines a color lookup table (CLUT), three 
matched video speed computational units and associated control 
logic as well as three digital-to-analog converters (DACs). These 
all combine to significantly enhance the video image display 
quality of standard 8-bit/pixel graphics systems. 

The ADV7148 and ADV7141 are pin and functional compatible 
with the ADV478 and ADV471, with the exception that the 
ADV7148 and the ADV7141 do not contain the overlay palette. 
The ADV7146 is pin and functional compatible with the 
ADV476 and the Inmos IMSG171/176. 

CEG requires two closely connected components— the CEG/ 
DAC chip and the software driver. Conventional antialiasing 
schemes are implemented entirely in software and operate on 
the pixel data in the graphics pipeline, resulting in a significant 
speed performance penalty. In contrast, the CEG software 
driver takes application software information and encodes the 
frame buffer with a sequence of data and commands for the 
CEG/DAC. The CEG/DAC hardware performs all of the anti- 
aliasing calculations. In this way, the visual benefits of anti- 
aliased graphics are provided with a minimal increase in 
software overhead. 

•Protected by U.S. Patent Nos. 4,482,893 and 4,704,605. 
flnmos is a trademark of Inmos Ltd. 

Personal System/2, VGA and 8514/A are trademarks of International 
Business Machines Corp. 

Edsun Continuous Edge Graphics and CEG are registered trademarks of 
Edsun Laboratories, Inc. 

ADV is a registered trademark of Analog Devices, Inc. 
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ADV71 41 /ADV71 46/ADV7 148 — SPECIFICATIONS V = 1.235 V (ADV7 1 48/ADV7 14 1 ); 

■ref = — 8.39 mA (ADV7146); R L = 37.5 ft, C L = 10 pF; R SET = 147 ft. All Specifications T min to T max 2 unless otherwise noted.) 


Parameter 

All Versions 

Units 

Test Conditions/Comments 

STATIC PERFORMANCE 




Resolution (Each DAC) 

8 

Bits 


Accuracy (Each DAC) 




Integral Nonlinearity 3 

±1 (±1/2) 

LSB max 


Differential Nonlinearity 

±1 

LSB max 

Guaranteed Monotonic 

Gray Scale Error 

±5 

% Gray Scale 


Coding 


Binary 


DIGITAL INPUTS 




Input High Voltage, V INH 

2 

V min 


Input Low Voltage, V^l 

0.8 

V max 


Input Current, I IN 

±1 

pA max 

V in = 0.4 V or 2.4 V 

Input Capacitance, C IN 

7 

pF max 

f = 1 MHz, V IN = 2.4 V 

DIGITAL OUTPUTS 




Output High Voltage, V OH 

2.4 

V min 

^source = 400 pA 

Output Low Voltage, V OL 

0.4 

V max 

Isink = 3.2 mA 

Floating- State Leakage Current 

50 

pA max 


Floating- State Leakage Capacitance 

7 

pF max 


ANALOG OUTPUTS 




Gray Scale Current Range 

20 

mA max 


Output Current 



■ 

White Level Relative to Blank/Black 

17.4/20.40 

mA min/mA max 

Typically 19.05 mA 

White Level Relative to Black 4 

16.5/18.50 

mA min/mA max 

Typically 17.62 mA, SETUP = V AA 

Black Level Relative to Blank 4 

0.95 

mA min 

Typically 1.44 mA, SETUP = V AA 

(Pedestal = 7.5 IRE) 

1.90 

mA max 


Black Level Relative to Blank 

0 

(jlA min 

Typically 5 pA, SETUP = GNP 

(Pedestal = 0 IRE) 

50 

|xA max 


Blank Level 4 

6.29 

mA min 

Typically 7.62 mA 

(Sync Enabled) 

8.96 

mA max 


Blank Level 

0 

|jlA min 

Typically 5 pA 

(Sync Disabled) 

50 

pA max 


Sync Level 4 

0 

pA min 

Typically 5 pA 


50 

pA max 


LSB size 

69.1 

M-A typ 


DAC to DAC Matching 

5 

% max 

Typically 2% 

Output Compliance, V oc 

0/+ 1.5 

V min/V max 


Output Impedance, Rout 

10 

kO typ 


Output Capacitance, C OU t 

30 

pF max 


VOLTAGE REFERENCE 



ADV7148 & ADV7141 Only 

Voltage Reference Range 

1.14/1.26 

V min/V max 


Input Current, Ivref 

10 

pA typ 


CURRENT REFERENCE 



ADV7146 Only 

Input Current (I REF ) Range 

-3/- 10 

mA min/mA max 


Voltage at I REF 

V cc - 3/V cc 

V min/max 


POWER SUPPLY 




Supply Voltage, V AA 

4.75/5.25 

V min/V max 

66 MHz Parts 


4.50/5.50 

V min/V max 

50 & 35 MHz Parts 

Supply Current, I AA 

350 

mA max 

Typically 200 mA 

Power Supply Rejection Ratio 

0.5 

%/% max 

f = 1 kHz, COMP = 0.1 p.F 

DYNAMIC PERFORMANCE 




Clock and Data Feedthrough 5, 6 

-30 

dB typ 


Glitch Impulse 5, 6 

75 

pV secs typ 


DAC to DAC Crosstalk 7 

-23 

dB typ 



NOTES 

'±5% for 66 MHz parts; ± 10% for 50 MHz & 35 MHz parts. 

2 Temperature range (T min to T max ): 0 to +70°C. 

3 Tested to 8-bit linearity (tested to 6-bit linearity, ADV7146 only). 

4 ADV7141 and ADV7148 only. 

5 Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. Glitch impulse includes clock and data feedthrough. 
6 TTL input values are 0 to 3 volts, with input rise/fall times <3 ns, measured at the 10% and 90% points. Timing reference points at 50% for inputs and outputs. 
7 DAC to DAC crosstalk is measured by holding one DAC high while the other two are making low to high and high to low transitions. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS' 


5 V; SETUP = 8/6 = V M ; V RI 


1.235 V (ADV7 1 48/ADV7 1 41 ); l RI 


10 pF; R set = 147 ft. All Specifications T m 


F = -8.39 mA (ADV7146); 
1 unless otherwise noted.) 


Parameter 

66 MHz 
Version 

50 MHz 
Version 

35 MHz 
Version 

Units 

Conditions/Comments 

fmax 

66 

50 

35 

MHz 

Clock Rate 

tl 

10 

10 

15 

ns min 

RS0-RS1 Setup Time 

t 2 

10 

10 

15 

ns min 

RS0-RS1 Hold Time 

t 3 4 

2 

2 

2 

ns min 

RD Asserted to Data Bus Driven 

U* 

40 

40 

40 

ns max 

RD Asserted to Data Valid 

t 5 5 

20 

20 

20 

ns max 

RD Negated to Data Bus 3-Stated 

t 6 5 

5 

5 

5 

ns min 

Read Data Hold Time 

b 

10 

10 

15 

ns min 

Write Data Setup Time 

h 

15 

15 

15 

ns min 

Write Data Hold Time 

l 9 

50 

50 

50 

ns min 

RD, WR Pulse Width Low 

*10 

6 x t 13 

6 x t 13 

6 x t 13 

ns min 

RD, WR Pulse Width High 

til 

3 

3 

4 

ns min 

Pixel & Control Setup Time 

l 12 

3 

3 

4 

ns min 

Pixel & Control Hold Time 

tl3 

15 

20 

28 

ns min 

Clock Cycle Time 

t 14 

5 

6 

7 

ns min 

Clock Pulse Width High Time 

tl5 

5 

6 

9 

ns min 

Clock Pulse Width Low Time 

tl6 

30 

30 

30 

ns max 

Analog Output Delay 

tl7 

3 

3 

3 

ns typ 

Analog Output Rise/Fall Time 

r 6 

l 18 

13 

20 

28 

ns max 

Analog Output Settling Time 

r SK 

2 

2 

2 

ns max 

Analog Output Skew 

tpD 

Compatibility Mode 

3 x t , 3 

3 x t 13 

3 x t 13 

ns min 

Pipeline Delay 

CEG Mode 

6 x t 13 

6 x t 13 

6 x t 13 

ns min 



NOTES 

'TTL input values are 0 to 3 volts, with input rise/fall times <3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and outputs. 
Analog output load <10 pF, D0-D7 output load <50 pF. See timing notes in Figure 2. 

2 ±5% for 66 MHz parts; ±10% for 50 MHz & 35 MHz parts; t ]5 measured at V AA = 5 V for 66 MHz parts. 

3 Temperature Range (T min to T max ): 0 to +70°C. 

4 t 3 and t 4 are measured with the load circuit of Figure 3 and defined as the time required for an output to cross 0.4 V or 2.4 V. 

5 t 5 and t 6 are derived from the measured time taken by the data outputs to change by 0.5 V when loaded with the circuit of Figure 3. The measured number is then ex- 
trapolated back to remove the effects of charging the 50 pF capacitor. This means that the times, t 5 and t 6 , quoted in the timing characteristics are the true values for the 
device and as such are independent of external bus loading capacitances. 

Settling time does not include clock and data feedthrough. 

Specifications subject to change without notice. 



TO OUTPUT 
PIN 



Figure 1. MPU Read/Write Timing 


Figure 3. Load Circuit for Bus Access and Relinquish Time 


DIGITAL I NPUTS - 
(PO - P 7, SYNC . / 
BLANK) “ 

ANALOG 
OUTPUTS 
(IOR, IOG.IOB) ‘ 




NOTES 

t . OUTPUT DELAY MEASURED FROM THE 50% POINT OF THE RISING 
EDGE OF CLOCK TO THE 50% POINT OF FULL SCALE TRANITION. 

2. SETTLING TIME MEASURED FROM THE 50% POINT OF FULL SCALE 
TRANSITION TO THE OUTPUT REMAINING WITHIN ±1 LSB. 

3. OUTPUT RISE/FALL TIME MEASUREO BETWEEN THE 10% 

AND 90% POINTS OF FULL SCALE TRANSITION. 


Figure 2. Video Input/Output Timing 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

POWER SUPPLY 

66 MHz Parts 

V AA 

4.75 

5.00 

5.25 

Volts 

50, 35 MHz Pans 


4.5 

5.00 

5.5 

Volts 

AMBIENT OPERATING TEMPERATURE 

T A 

0 


+70 

°C 

OUTPUT LOAD 

Rl 


37.5 


ft 

VOLTAGE REFERENCE CONFIGURATION 






Voltage Reference 

Vref 

L14 

1.235 

1.26 

Volts 

CURRENT REFERENCE CONFIGURATION 

I REF CURRENT 

STANDARD RS-343A 

Iref 

-3 

-8.39 

-10 

mA 

PS/2 Compatible 


-3 

-8.88 

-10 

mA 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 



ABSOLUTE MAXIMUM RATINGS 

V AA to GND -0.5 V to +7 V 

Voltage on Any Digital Pin .... GND -0.5 V to V AA + 0.5 V 

Ambient Operating Temperature (T A ) -55°C to + 125°C 

Storage Temperature (T s ) -45°C to + 125°C 

Junction Temperature (Tj) +175°C 

Lead Temperature (Soldering, 10 secs) + 300°C 

Vapor Phase Soldering (2 minutes) +220°C 

IOR, IOG, IOB to GND 1 0 V to V AA 


NOTES 

^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

'Analog output short circuit to any power supply or common can be of an 
indefinite duration. 


ORDERING GUIDE 


Model 1 

Speed 

Resolution 2 

Package 
Option 3, 4 

ADV7146KN66 

66 MHz 

6-Bit 

N-28 

ADV7146KN50 

50 MHz 

6-Bit 

N-28 

ADV7146KN35 

35 MHz 

6-Bit 

N-28 

ADV7141KP66 

66 MHz 

6-Bit 

P-44A 

ADV7141KP50 

50 MHz 

6-Bit 

P-44A 

ADV7141KP35 

35 MHz 

6-Bit 

P-44A 

ADV7148KP66 

66 MHz 

8-Bit/6-Bit 

P-44A 

ADV7148KP50 

50 MHz 

8-Bit/6-Bit 

P-44A 

ADV7148KP35 

35 MHz 

8-Bit/6-Bit 

P-44A 


NOTES 

'All devices are specified for 0°C to +70°C operation. 

2 Refers to “Compatibility Mode.” In “CEG Mode,” resolution for all options 
is 8 bits. 

3 28-pin DIP devices are packaged in 28-pin 0.6" plastic dual-in-line packages. 
44-pin PLCC devices are packaged in 44-pin plastic leaded (J-lead) chip 
carriers. 

4 N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC). For outline 
information see Package Information section. 


PIN CONFIGURATIONS 
28-Pin DIP 


IOR [tj 


0 V AA 

glgii 



IriiD 



•ref Cl 



po [T 



pi [T 

ADV7146 


P2 [T 

TOP VIEW 


P3 [T 

(Not to Scale) 


P4 \T 












CLOCK Q 3 J 


[Tel BLANK 





44-Pin PLCC 
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DO [JL 


ZIP6 

diCE 


ZIPS 

DzE 

ADV7141/ADV7148 

E] P4 

D3 ClL 


P3 

04 CZ 

TOP VIEW 

EJ P2 
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(Not to Scale) 

E3 pi 
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07 E 


Z3 Vref 

wrE 


2 D 0 PA 

RSoE 

v > 

E] COMP 
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NC = NO CONNECT; THESE PINS MAY 8E LEFT UNCONNECTED 
*(NC) INDICATES THE ADV7141 ONLY 
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PIN FUNCTION DESCRIPTION 
Pin 

Mnemonic Function 


BLANK 

SETUP 

SYNC 

CLOCK 

P0-P7 

IOR, IOG, IOB 
Iref 


COMP 


Vref 


OPA 

V AA 

GND 

WR 

RD 

RSO, RSI 
D0-D7 

8/6 


CEGDIS 


Composite blank control input (TTL compatible). A Logic 0 drives the analog outputs to the blanking level. It is 
latched on the rising edge of CLOCK. When BLANK is a logical zero, the pixel and overlay inputs are ignored. 

Setup control input. Used to specify either a 0 IRE (SETUP = GND) or 7.5 IRE (SETUP = V AA ) blanking pedestal 
(ADV7141/ADV7148 only). 

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40 IRE current source on 
the analog outputs. SYNC does not override any other control or data input, therefore it should be asserted only during 
the blanking interval. It is latched on the rising edge of CLOCK (ADV7141/ADV7148 only). 

Clock input (TTL compatible). The rising edge of CLOCK latches the P0-P7, SYNC, and BLANK inputs. It is typi- 
cally the pixel clock rate of the video system. It is recommended that CLOCK be driven by a dedicated TTL buffer. 
Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the 256 entries in the color 
palette RAM is to be used to provide color information. They are latched on the rising edge of CLOCK. P0 is the LSB. 
Unused inputs should be connected to GND. 

Red, green, and blue current outputs. These high impedance current sources are capable of directly driving a doubly 
terminated 75 Cl coaxial cable. 

Current Reference input (Current Reference configuration)/Full-scale adjust control (Voltage Reference configuration). 
When using an external voltage reference, a resistor (R SET ) connected between this pin and GND controls the mag- 
nitude of the full-scale video signal. The relationship between R SET and the full-scale output current on each output is: 

Rset (Q) = K x 1,000 x V REF (v)/ I qut (mA) 

K is defined in the table below, along with corresponding R SE t values for doubly terminated 75 fl loads. 

When using an external current reference, the relationship between I REF and the full-scale output current on each 
output is: 

I ref ( m -A) ~ Iqut (mA)/K 


Mode 

Pedestal 

K 

Rset (D)* 

6-Bit 

7.5 IRE 

3.170 

147 

8-Bit 

7.5 IRE 

3.195 

147 

6-Bit 

0 IRE 

3.000 

147 

8-Bit 

0 IRE 

3.025 

147 


*For PS/2 applications (i.e., 0.7 V into 50 fl with no SYNC), 
a 182 Q R set resistor is recommended. 

Compensation pin. If an external voltage reference is used, this pin should be connected to OPA. If an external current 
reference is used, this pin should be connected to I REF . A 0.1 pF ceramic capacitor must always be used to bypass this 
pin to V AA (ADV7141/ADV7148 only). 

Voltage reference input. If an external voltage reference is used, it must supply this input with a 1.2 V (typical) refer- 
ence. If an external current reference is used, this pin should be left floating, except for the bypass capacitor. A 0.1 p.F 
ceramic capacitor must always be used to decouple this input to V AA (ADV7141/ADV7148 only). 

Reference amplifier output. If an external voltage reference is used, this pin must be connected to COMP. When using 
an external current reference, this pin should be left floating (ADV7141/ADV7148 only). 

Analog power. All V AA pins must be connected. 

Analog ground. All GND pins must be connected. 

Write control input (TTL compatible). D0-D7 data is latched on the rising edge of WR, and RS0-RS1 are latched on 
the falling edge of WR during MPU write operations. 

Read control input (TTL compatible). To read data from the device, RD must be a logical zero. RS0-RS1 are latched 
on the falling edge of RD during MPU read operations. 

Register select inputs (TTL compatible). RS0-RS1 specify the type of read or write operation being performed. 

Data bus (TTL compatible). Data is transferred into and out of the device over this 8-bit bidirectional data bus. DO is 
the least significant bit. 

8-bit/6-bit select input (TTL compatible). This input specifies whether the MPU is reading and writing 8 bits (logical 
one) or 6 bits (logical zero) of color information each cycle. For 8-bit operation, D7 is the most significant bit (MSB) 
while for 6-bit operation, D5 is the MSB. D6 and D7 are ignored during 6-bit operation. All parts operate in 8-bit for- 
mat while in CEG mode. 6-Bit operation is the default VGA mode on the ADV7146 and ADV7141. The 8/6 bit must be 
set to Logical 0 on the ADV7148 to make it VGA compatible. If left unconnected, this pin remains in a low state. 

CEG disable (TTL compatible). Driving this pin active high disables all CEG functions. Software will detect a non-CEG 
device if this pin is high (ADV7141/ADV7148 only). If left unconnected, this pin remains in a low state. 
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RD WR RSO RSI 8/6** SETUP* CEGDIS * 


* NOT AVAILABLE ON THE ADV7146 

** NOT AVAILABLE ON THE ADV7146; NO CONNECT ON THE ADV7141 


Functional Block Diagram of CEG/DAC 
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TERMINOLOGY 
Blanking Level 

The level separating the SYNC portion from the video portion 
of the waveform. Usually referred to as the front porch or back 
porch. At 0 IRE units, it is the level which will shut off the pic- 
ture tube, resulting in the blackest possible picture. 

Color Video (RGB) 

This usually refers to the technique of combining the three pri- 
mary colors of red, green and blue to produce color pictures 
within the usual spectrum. In RGB monitors, three DACs 
would be required, one for each color. 

Composite Sync Signal (SYNC) 

The position of the composite video signal which synchronizes 
the scanning process. 

Composite Video Signal 

The video signal with or without setup, plus the composite 
SYNC signal. 

Gray Scale 

The discrete levels of video signal between Reference Black and 
Reference White levels. An 8-bit DAC contains 256 different 
levels while a 6-bit DAC contains 64. 

Raster Scan 

The most basic method of sweeping a CRT one line at a time to 
generate and display images. 

Reference Black Level 

The maximum negative polarity amplitude of the video signal. 

Reference White Level 

The maximum positive polarity amplitude of the video signal. 

Setup 

The difference between the reference black level and the blank- 
ing level. 

Sync Level 

The peak level of the composite SYNC signal. 

Video Signal 

That portion of the composite video signal which varies in gray 
scale levels between Reference White and Reference Black. Also 
referred to as the picture signal, this is the portion which may 
be visually observed. 

ANTIALIASING 

Antialiasing is a technique used to smooth the jagged edges asso- 
ciated with lines, circles, and other nonrectangular objects repre- 
sented on a CRT screen. Without antialiasing, each pixel (picture 
element) on a CRT is either “on” or “off.” If the edge of a smooth 
shape passes through a pixel, the software is forced to approxi- 
mate the edge as best it can (i.e., the pixel is “on” if more than 
half of the pixel is covered by the object). Even when a large 
number of pixels are used to represent an object, the eye quickly 
detects the series of “on” and “off’ dots along the picture edge. 
CEG achieves antialiasing by allowing the software to choose not 
only the discrete palette colors, but also a linear mix of those 
colors. For example, if only 1/3 of the pixel is covered by an 
object, the pixel would be displayed in the ratio of 33:67 be- 
tween the object color and the background color. The eye 
perceives the new boundary as a completely smooth edge. The 
software driver defines the value of every pixel on a shape 
boundary, thereby dramatically increasing the perceived resolu- 
tion of any computer display. By mixing colors in real time, the 
CEG/DAC can generate up to 800,000 simultaneously display - 
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Figure 4. An Edge Crossing Scan Line 


able colors without altering the contents of the standard 256 
color look-up-table. 

Figure 4 shows an enlargement of an object edge, with each 
square representing a screen pixel. An object is drawn in Color 
2 on a background of Color 1— the actual colors are determined 
by the contents of the CLUT. 

Without CEG, pixels labelled “A” through “E” will be displayed 
as Color 1 (Figure 5). Pixels are defined as Color 2 when more 
than 50% of the pixel is defined by that color, as shown 
in pixels “F” through “J.” CEG blends colors to more closely 
approximate the intended color boundary as shown in Figure 6. 
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Figure 5. Traditional Pixel Coverage (Aliasing) 
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Figure 6. Dejagging or Antialiasing Using CEG 
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CEG FUNCTIONAL DESCRIPTION 

CEG uses two data ports, a pixel port and an MPU data port. 
Three analog signals are produced which can directly drive the 
red, green, and blue inputs of a standard analog display moni- 
tor. The CEG/DAC consists of four major blocks: CEG logic, 
three 8-bit DACs, 256 x 24 lookup table RAM, and MPU 
control. 

The CEG/DAC is a real-time signal processor which interprets 
data in the frame buffer as either colors, mix commands, or 
both. CEG uses a special sequence of lookup table accesses to 
enable and disable the CEG logic. The nonCEG mode allows 
full backward compatibility with current video palette products. 
The circuit is powered-up in nonCEG mode. CEG-aware soft- 
ware activates CEG modes and provides the advantages of alias- 
free images. 

In nonCEG systems and software applications, the CEG/DAC 
behaves identical to normal palette DACs, providing complete 
physical and functional compatibility with all VGA compatible 
PCs. The CEG/DAC is available in packages compatible with 
the most popular palette DACs, including ADV471, ADV476, 
and ADV478 devices. 

MPU Data Port 

The MPU data port allows the system processor to access the 
color palette address register, color palette RAM and pixel mask 
register. Register selection is identical to the associated non- 
CEG, VGA compatible parts. 

If the CEG device is operating in 8-bit mode, all 8 bits of the 
lookup table color data register are significant. In 6-bit modes, 
lookup table color data should be written and read back right- 
justified to/from D5-D0. During readback, in 6-bit modes, D6 
and D7 are forced to Logic 0. 

Pixel Port 

Pixel information is latched into the CEG/DAC via the pixel 
port. For each clock cycle, the state of the P7-P0, BLANK and 
SYNC define the state of the DAC outputs. 

Pixel port inputs are logically “AND”ed with the contents of the 
pixel mask register, for simple animation applications. The pixel 
mask register is accessed via the MPU interface. In general, the 
pixel mask register should be set to FFH for any of the CEG 
modes. See Appendix A for sample code to access the pixel 
mask register. 

Two selectable features in CEG mode are “partial shading” and 
“pixel replication.” Certain video controllers repeat each pixel 
twice in low resolution modes. In these modes, the pixel data is 
sampled every other CLOCK. 


Systems which use only 4 bits per pixel should be connected to 
P3-P0, tying P7-P4 to ground. This type of system must use 
the “partial shading” Advanced-4 Method, which allows 8 colors 
(0-7) and 8 mix commands (8-15) in increments of 12%. 

CEG PROGRAMMING BASICS 
CEG Computation 

When CEG is active, the CEG/DAC computes a real time 
weighted average on each of the primary colors which are read 
out of the palette RAM. This calculation, as represented by the 
generalized diagram of Figure 7, is expressed by the following 
equation: 

Pmc ~ [(Color B x Mix) + (Color A x (31-Afix) +16)] 131 
where: P MC = mixed color. 

Or alternatively, it can be described by: 

Mixed color = (ratio of previous color x previous color) + 

(ratio of new color x new color) 

The mixed colors, one mixed color each for red, green and blue 
are then input to a gamma correction circuit. The output of this 
circuit drive each of the three RGB-DACs. 


CEG MODES 

Although there is one algorithm in the CEG/DAC, there are 
three ways of encoding the pixels in the frame buffer, namely, 
the Basic-8, Advanced-4 and Advanced-8 methods. These are 
described as follows: 


Basic-8 


Advanced-4 

Advanced-8 


16 drawing colors with 8 mixes plus explicit 
loading of new or old color (suitable for CAD 
type applications where few colors are needed). 

8 drawing colors with 8-mix shading (suitable for 
antialiasing in 4-bits/pixel systems). 

223 drawing colors with full 32-mix shading 
(suitable for 3-D solid modeling and true-color 
image rendition). 



Figure 7. Block Diagram Representation of the CEG Algorithm 
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CIRCUIT DESCRIPTION 
MPU Interface 

As illustrated in the functional block diagram, the ADV7141/ 
ADV7146/ADV7148 supports a standard MPU bus interface, 
allowing the MPU direct access to the color palette RAM, pixel 
mask register and address register. 

The RS0-RS1 select inputs specify whether the MPU is access- 
ing the address register, color palette RAM, or pixel mask regis- 
ter, as illustrated in Table I. The 8-bit address register is used 
to address the color palette RAM. 

Table I. Control Input Truth Table 


RSI 

RSO 

Addressed by MPU 

0 

0 

Address Register (RAM Write Mode) 

1 

1 

Address Register (RAM Read Mode) 

0 

1 

Color Palette RAM 

1 

0 

Pixel Read Mask Register 


To write color data, the MPU writes the address register with 
the address of the color palette RAM location to be modified. 
The MPU performs three successive write cycles (8 or 6 bits 
each of red, green and blue). During the blue write cycle, the 
three bytes of color information are concatenated into a 24- bit 
word (18-bit word for VGA backward compatible data). This 
color value is then written to the location in the palette RAM 
pointed to by the address register. The address register then 
increments and points to the next palette RAM location which 
the MPU may modify by simply writing another sequence of 
red, green and blue data. See Appendix A for sample code to 
write to the palette. 

To read color data, the MPU loads the address register with the 
address of the color palette RAM location to be read. The MPU 
performs three successive read cycles (8 or 6 bits each of red, 
green, and blue), using RS0-RS1 to select the color palette 
RAM. Following the blue read cycle, the address register incre- 
ments to the next location which the MPU may read by simply 
reading another sequence of red, green, and blue data. See Ap- 
pendix A for sample code to read from the palette. 

When accessing the color palette RAM, the address register re- 
sets to 00H following a blue read or write cycle to RAM location 
FFH. 

For 8-bit operation, DO is the LSB, and D7 is the MSB of color 
data. 

For 6-bit operation, color data is contained on the lower six bits 
of the data bus, with DO being the LSB and D5 the MSB of 
color data. When writing color data, D6 and D7 are ignored. 
During color read cycles, D6 and D7 will be a logical zero. 

See Compatibility section for details of 6/8-bit operation. 


Table II. Address Register (ADDR) Operation 



Value 

RSI 

RSO 

Addressed by MPU 

ADDRa, b 





Counts Modulo 3 

00 



Red Value 


01 



Green Value 


10 



Blue Value 

ADDRO-7 





Counts Binary 

00H-FFH 

0 

1 

Color Palette RAM 


The MPU interface operates asynchronously to the pixel clock. 
Data transfers between the color palette RAM and the color reg- 
isters (R, G, and B in the block diagram) are synchronized by 
internal logic, and occur in the period between MPU accesses. 
As only one pixel clock cycle is required to complete the trans- 
fer, the color palette RAM may be accessed at any time with no 
noticeable disturbance on the display screen. 

To keep track of the red, green, and blue read/write cycles, the 
address register has two additional bits (ADDRa, ADDRb) that 
count modulo three, as shown in Table II. They are reset to 
zero when the MPU writes to the address register, and are not 
reset to zero when the MPU reads the address register. The 
MPU does not have access to these bits. The other eight bits of 
the address register (ADDRO-7), incremented following a blue 
read or write cycle, are accessible to the MPU, and are used to 
address color palette RAM locations, as shown in Table II. 
ADDRO is the LSB when the MPU is accessing the RAM. The 
MPU may read the address register at any time without modify- 
ing its contents or the existing read/write mode. 

Figure 1 illustrates the MPU read/write timing. 

Frame Buffer Interface 

The P0-P7 inputs are used to address the color palette RAM, as 
shown in Table III. 

Table III. Pixel Input Truth Table (Pixel Read Mask 


Register = FFH) 

P0-P7 

Addressed by Frame Buffer 

00H 

Color Palette RAM Location 00H 

01H 

Color Palette RAM Location 01H 

FFH 

Color Palette RAM Location FFH 


The contents of the pixel read mask register, which may be ac- 
cessed by the MPU at any time, are bit-wise logically ANDed 
with the P0-P7 inputs. Bit DO of the pixel read mask register 
corresponds to pixel input PO. The addressed location provides 
24 bits (18 bits in compatibility mode) of color information to 
the three D/A converters. 

(See Application Note entitled “Animation Using the Pixel Read 
Mask Register of the ADV47X Series of Video RAM-DACs” 
available from Analog Devices, Publication No. E1316-15-10/89.) 
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NOTES 

1. CONNECTED WITH A 75 Q DOUBLY TERMINATED LOAD. 

2. EXTERNAL VOLTAGE OR CURRENT REFERENCE ADJUSTED FOR 26.67 mA FULL SCALE OUTPUT. 

3. RS - 343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 

Figure 8. ADV7141/ADV7148 RGB Video Output Waveform (SETUP = V AA ) 


Table IV. ADV7141/ADV7148 RGB Video Output Truth Table (SETUP = V AA ) 


Description 

Iout (mA) 1 

SYNC 

BLANK 

DAC Input Data 

WHITE 

26.67 

1 

1 

FFH 

DATA 

Data + 9.05 

1 

1 

Data 

DATA-SYNC 

Data + 1.44 

0 

1 

Data 

BLACK 

9.05 

1 

1 

00H 

BLACK-SYNC 

1.44 

0 

1 

00H 

BLANK 

7.62 

1 

0 

xxH 

SYNC 

0 

0 

0 

xxH 


NOTES 

‘Typical with full-scale IOG = 26.67 mA. 

External voltage or current reference adjusted for 26.67 mA full-scale output. 


The SYNC and BLANK inputs, also latched on the rising edge The SETUP input, on the ADV7141 and ADV7148, is used to 

of CLOCK to maintain synchronization with the color data, add specify whether a 0 IRE (SETUP = GND) or 7.5 IRE (SETUP 

appropriately weighted currents to the analog outputs, produc- = v AA ) blanking pedestal is to be used. 

ing the specific output levels required for video applications, as 

illustrate d in Fi gures 8, 9 and 10. Tables IV, V and VI detail 

how the SYNC and BLANK inputs modify the output levels. 



NOTES 

1. CONNECTED WITH A 75 Q DOUBLY TERMINATED LOAD. 

2. EXTERNAL VOLTAGE OR CURRENT REFERENCE ADJUSTED FOR 26.67 mA FULL SCALE OUTPUT. 

3. RS - 343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 

Figure 9. ADV7141/ADV7148 RGB Video Output Waveform (SETUP = GND) 
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Table V. ADV7141/ADV7148 RGB Video Output Truth Table (SETUP = GND) 


Description 

loUT C^) 1 

SYNC 

BLANK 

DAC Input Data 

WHITE 

26.67 

1 

1 

FFH 

DATA 

Data + 8.05 

1 

1 

Data 

DATA-SYNC 

Data 

0 

1 

Data 

BLACK 

8.05 

1 

I 

00H 

BLACK-SYNC 

0 

0 

1 

00H 

BLANK 

8.05 

1 

0 

xxH 

SYNC 

0 

0 

0 

xxH 


NOTE 

'Typical with full-scale IOG = 26.67 mA. 

External voltage or current reference adjusted for 26.67 mA full-scale output. 



1. CONNECTED WITH A 75 Q DOUBLY TERMINATED LOAD. 

2. EXTERNAL CURRENT REFERENCE ADJUSTED FOR 19.05 mA FULL SCALE OUTPUT. 

3. RS - 343A LEVELS AND TOLERANCES ASSUMED ON ALL LEVELS. 


WHITE LEVEL 


BLACK LEVEL; 
BLANK LEVEL 


Figure 10. ADV7146 RGB Video Output Waveform 


Table VI. ADV7146 RGB Video Output Truth Table 


Description 

iouT (mA) 1 

BLANK 

DAC Input Data 

WHITE Level 

19.05 

1 

FFH 

VIDEO 

Video 

1 

Data 

BLACK Level 

0 

1 

00H 

BLANK Level 

0 

0 

xxH 


NOTE 

'Typical with full-scale IOR, IOG, IOB = 19.05 mA, I REF = 8.88 mA. 
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PC BOARD LAYOUT CONSIDERATIONS 

The ADV7141, ADV7146 and ADV7148 CEG/DACs are opti- 
mally designed for lowest noise performance, both radiated and 
conducted noise. To complement the excellent noise perfor- 
mance of these parts, it is imperative that great care be given to 
the PC board layout. Figures 11, 12 and 13 show recommended 
connection diagrams for the ADV7141/ADV7148 in voltage ref- 
erence and current reference modes and the ADV7146. 




COMPONENT DESCRIPTION VENDOR PART NUMBER 

C1-C4 0.1 jiF CERAMIC CAPACITOR 

C5-C6 1 0fxF TANTALUM CAPACITOR 

LI FERRITE BEAD FAIR-RITE 2743001 1 1 OR/ 

MURATA BL01/02/03 

R1, R2, R3 7511 1% METAL FILM RESISTOR DALE CMF-55C 

Figure 13. ADV7146 Typical Connection Diagram and 
Component List (Current Reference Configuration ) 


COMPONENT DESCRIPTION 


VENDOR PART NUMBER 


C1-C5 

C6 

LI 

R1, R2, R3 

Rset 

Z1 


0.1 nF CERAMIC CAPACITOR 
10fiF TANTALUM CAPACITOR 
FERRITE BEAD 

7511 1% METAL FILM RESISTOR 
147H 1% METAL FILM RESISTOR 
1.235V VOLTAGE REFERENCE 


FAIR-RITE 274300111 OR/ 
MURATA BL01/02/03 
DALE CMF-55C 
DALE CMF-55C 
ANALOG DEVICES AD589JH 


Figure 11. ADV7148/ADV7141 Typical Connection Diagram 
and Component List (Voltage Reference Configuration) 



COMPONENT DESCRIPTION 


VENDOR PART NUMBER 


C1-C5 

C6-C7 

LI 

R1, R2, R3 


O.lfiF CERAMIC CAPACITOR 
10|iF TANTALUM CAPACITOR 

FERRITE BEAD FAIR-RITE 27430011 1 OR/ 

MURATA BL01/02/03 

751 i 1% METAL FILM RESISTOR DALE CMF-55C 


The layout should be optimized for lowest noise on the CEG/ 
DAC power and ground lines. This is achieved by shielding the 
digital inputs and providing good decoupling. The lead length 
between groups of V AA and GND pins should by minimized so 
as to minimize inductive ringing. 

Ground Planes 

The ground plane should encompass all the CEG/DAC ground 
pins, current/voltage reference circuitry, power supply bypass 
circuitry, the analog output traces, any output amplifiers and all 
the digital signal traces leading up to the CEG/DAC. 

Power Planes 

The PC board layout should have two distinct power planes, one 
for analog circuitry and one digital circuitry. The analog power 
plane should encompass all the CEG/DAC power pins and all 
associated analog circuitry. This power plane should be con- 
nected to the regular PCB power plane (V cc ) at a single point 
through a ferrite bead, as illustrated in Figures 11, 12 and 13. 
This bead should be located within three inches of the part. 

The PCB power plane should provide power to all digital logic 
on the PC board, and the analog power plane should provide 
power to all the CEG/DACs power pins, voltage reference cir- 
cuitry and any output amplifiers. 

The PCB power and ground planes should not overlay portions 
of the analog power plane. Keeping the PCB power and ground 
planes from overlaying the analog power plane will contribute to 
a reduction in plane-to-plane noise coupling. 

Supply Decoupling 

Noise on the analog power plane can be further reduced by the 
use of multiple decoupling capacitors. 


Figure 12. ADV7148/ADV7141 Typical Connection Diagram 
and Component List (Current Reference Configuration ) 
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Optimum performance is achieved by the use of 0.1 jjlF ceramic 
capacitors. Each of the two groups of V AA (ADV7141/AD7148) 
should be individually decoupled to ground. This should be 
done by placing the capacitors as close as possible to the device 
with the capacitor leads as short as possible, thus minimizing 
lead inductance. 

It is important to note that while the CEG/DAC contains cir- 
cuitry to reject power supply noise, this rejection decreases with 
frequency. If a high frequency switching power supply is used, 
the designer should pay close attention to reducing power sup- 
ply noise. A dc power supply filter (Murata BNX002) will pro- 
vide EMI suppression between the switching power supply and 
the main PCB. Alternatively, consideration could be given to 
using a three terminal voltage regulator. 

Digital Signal Interconnect 

The digital signal lines to the CEG/DAC should be isolated as 
much as possible from the analog outputs and other analog cir- 
cuitry. Digital signal lines should not overlay the analog power 
plane. 

Due to the high clock rates used, long clock lines to the CEG/ 
DAC should be avoided so as to minimize noise pickup. 

Any active pull-up termination resistors for the digital inputs 
should be connected to the regular PCB power plane (V cc ), and 
not the analog power plane. 

Analog Signal Interconnect 

The CEG/DAC should be located as close as possible to the out- 
put connectors thus minimizing noise pick-up and reflections 
due to impedance mismatch. 

The video output signals should overlay the ground plane, and 
not the analog power plane, thereby maximizing the high fre- 
quency power supply rejection. 

For optimum performance, the analog outputs should each have 
a source termination resistance to ground of 75 n (doubly 
terminated 75 O configuration). This termination resistance 
should be as close as possible to the CEG/DAC so as to mini- 
mize reflections. 

Additional information on PCB design is available in an Applica- 
tion Note entitled “Design and Layout of a Video Graphics Sys- 
tem for Reduced EMI.” This application note is available from 
Analog Devices, Publication No. El 309- 15- 10/89. 


REGISTER LEVEL PROGRAMMING OF THE CEG/DAC 
Compatibility 

CEG/DACs are available in several plug-in compatible replace- 
ments for most popular palette DACs including the Analog 
Devices ADV471, ADV476 and ADV478, the Inmos IMSG171 
and IMSG176 and the Brooktree BT471 and BT478. All are 
compatible with standard VGA controllers. 

The CEG/DAC powers-up in compatibility mode with the CEG 
circuitry bypassed. CEG mode is enabled with a software key 
sequence of reserved palette accesses. See Appendix A for a soft- 
ware example of setting the CEG mode. 

In compatibility mode the ADV7141 and ADV7146 always use 
six bits for each red, green and blue palette component. The 
ADV7148 uses either 6 or 8 bits, depending on the setting of 
the 8/6 pin (see Table VII below). 


Table VII. CEG/DAC Bits per Color Component 



Compatibility Mode 

CEG Mode 

CEG/DAC 

6-Bit Colors 

8-Bit Colors 

8-Bit Colors 

ADV7141 

★ 


★ 

ADV7146 

★ 


★ 

ADV7148 

★ 

★ 

* 


In 6-bit compatibility mode the CEG/DAC shifts color data as it 
writes to and reads from the palette. The microprocessor writes 
right justified data in bits D5 to DO into the palette. In the pal- 
ette the data is stored left justified with bits D1 and DO set to 0. 
During palette read operations the data is returned to the micro- 
processor in bits D5 to DO with bits D7 and D6 set to 0. 

The CEG mode byte, which is written to the blue palette loca- 
tion 223, is also shifted when it is written, but not when read. 

All eight bits of the palette data register are significant when 
CEG is enabled. Set the CEG mode before writing CEG 8-bit 
palette information to avoid the shifting operations that occur 
when the chip is in compatibility mode. 

The Encoding Methods 

The Continuous Edge Graphics Level 3 specification describes 
in detail the two advanced encoding methods. Table VIII lists 
the characteristics of each CEG encoding method. 

Basic-8 encoding provides 16 colors with 8 mixes, plus explicit 
loading of the A or B color registers. The Basic-8 method is ap- 
propriate for applications where 8-bits per pixel are available 
and a moderate number of colors are required, such as CAD 
applications. 


Table VIII. CEG Encoding Methods 


Encoding 

Method 

Bits per 
Pixel 

Palette 

Colors 

Mixes 

CEG 

Colors 

DPL 

Notes 

Basic-8 

8 

16 + 16 

8 

16 x 16 x 8 = 2048 


Mixes and Colors in the Same Pixel 

Advanced-4 

4 

8 

8 

8 x 8 x 7/2 = 224 

Yes 

Mixes and Colors in Different Pixels 

Advanced-8 

8 

223 

32 

223 x 222 x 32/2 = 792,096 

Yes 

Mixes and Colors in Different Pixels 
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The two Advanced methods store colors and op codes in differ- 
ent pixels. The Advanced-4 encoding supports 4-bits-per-pixel 
graphics, making it the CEG method to use in 4-bit systems 
such as the standard IBM VGA. Advanced-4 provides eight pal- 
ette colors and eight mixes. Advanced-8 provides 223 drawing 
colors with full 32-mix shading. Use the Advanced-8 encoding 
method when there is a requirement for many colors, such as 
solid model rendering and computer imaging. 

In the Advanced methods, an entry in the palette can also be 
reserved for the DPL op code. The dynamic palette further ex- 
pands the number of colors available. 

Basic-8 Encoding 

The Basic-8 method encodes the 16 drawing colors and eight 
mixes into the eight bit pixel as shown in Figure 14. Table IX 
below shows the mix ratios that correspond to each pixel value 
in the mix field. 
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Figure 14. Pixel Encoding for Basic-8 


Table IX. Basic-8 Mix Values 


Mix 

Value 

Ratio 

Color A 

Color B 

0 

31/31 

0/31 

1 

27/31 

4/31 

2 

22/31 

9/31 

3 

18/31 

13/31 

4 

13/31 

18/31 

5 

9/31 

22/31 

6 

4/31 

27/31 

7 

0/31 

31/31 


The register bit selects whether the color is placed in the A reg- 
ister or the B register. When the register bit is set to 0, the A 
register is used. When the register bit is set to 1, the B register 
is used. The register bit also selects which portion of the palette 
is accessed by the color field, because the A and B registers use 
different palette ranges. 

The color field of the pixel data refers to the first 16 colors in 
the palette (Colors 0-15) when the register bit equals 0 (for the 
A register). When the register bit equals 1 (for the B register), 
the color field refers to the second 16 colors in the palette (col- 
ors 16 to 31). To find the palette location for the B register, add 
16 to the color bits in P0-P3 (e.g., when the register bit = 1, 
color 0 refers to palette location 16). Generally, these two palette 
banks are loaded with the same sets of colors, but different col- 
ors can be used to increase the possible number of colors. 


Advanced Encoding 

In the two Advanced encoding methods, the pixel contains 
either a color or an op code. Mix op codes operate on the 
colors in the A and B registers. The companion publication, 
Continuous Edge Graphics Level 3, describes how the two col- 
ors are stored in the registers and how they are displayed. The 
Advanced-4 encoding method combines eight palette colors with 
eight mixes in the 4-bit pixel, providing 224 CEG colors. The 4 
LSBs of the pixel value refer to either palette locations 0-7 or a 
mix op code as shown in Table X below. 

As shown in the Figure 15, when using the Advanced-4 encod- 
ing, inputs P3-P0 contain data and inputs P7-P4 are ignored. 
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Figure 15. Pixel Encoding for Advanced-4 


Table X. Advanced-4 Mix Values 


Mix 

Ratio | 


Value 

Color A 

Color B 

Description 

0 



Palette Color 0 

1 

- 

- 

Palette Color 1 

2 

- 

- 

Palette Color 2 

3 

- 

- 

Palette Color 3 

4 

- 

- 

Palette Color 4 

5 

- 

- 

Palette Color 5 

6 

- 

- 

Palette Color 6 

7 

- 

- 

Palette Color 7 




or DPL Op Code 

8 

31/31 

0/31 

Mix Op Code 

9 

27/31 

4/31 

Mix Op Code 

10 

22/31 

9/31 

Mix Op Code 

11 

18/31 

13/31 

Mix Op Code 

12 

13/31 

18/31 

Mix Op Code 

13 

9/31 

22/31 

Mix Op Code 

14 

4/31 

27/31 

Mix Op Code 

15 

0/31 

31/31 

Mix Op Code 


Advanced-8 encoding uses 8-bit pixels and offers 223 palette 
colors with 32 mixes, resulting in 792,096 CEG colors. The 
eight bits of the pixel value refer to either a color in the palette 
or to an op code as shown in Table XI. 

Table XI. Advanced-8 Mix Values 


Mix 

Ratio I 


Value 

Color A 

Color B 

Description 

0-190 

- 

- 

Palette Colors 

191 

- 

- 

Palette Color 
or DPL Op Code 

192 

31/31 

0/31 

Mix Op Code 

193 

30/31 

1/31 

Mix Op Code 

194 

29/31 

2/31 

Mix Op Code 

195 

28/31 

3/31 

Mix Op Code 

221 

2/31 

29/31 

Mix Op Code 

222 

1/31 

30/31 

Mix Op Code 

223 

0/31 

31/31 

Mix Op Code 

224-255 

- 

- 

Palette Colors 
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DYNAMIC PALETTE LOADING (DPL) 

The two Advanced CEG encoding methods can use dynamic 
palette loading, allowing the CEG/DAC to load palette colors 
from the bit map. With DPL enabled, an entry from the color 
palette is reserved as the DPL op code (7 in Advanced-4, 191 in 
Advanced-8). The data following this op code describes the new 
color to load and specifies the palette address. Note that CEG/ 
DAC addresses are ANDed with the pixel mask register. To 
avoid misaddressing a DPL entry, load the mask with 255. See 
Mask Register for more information. 

The DPL op code and data are not displayed on the screen. In- 
stead, the color value preceding the DPL op code is repeated in 
place of the palette load sequence pixels. The two pixels preced- 
ing the DPL op code must be of the same kind (two colors or 
two mixes). For example, Color 1 Color 2 DPL is a valid se- 
quence but Color Mix DPL is not. 

DPL Examples 

In the Advanced-8 encoding method, a DPL sequence requires 
five pixels, one for the op code, three for the new color and one 
for the palette address. Table XII below shows the sequence. 


Table XII. DPL Op Code Sequence for Advanced-8 


Pixel No. 

1 

2 

3 

4 

5 

Contents 

DPL 

Op Code 

New 

Red 

New 

Green 

New 

Blue 

Palette 

Address 


Figure 16 shows an example of a DPL op code sequence in the 
Advanced-4 encoding method and how the op code alters the 
palette and affects the display. In this example the color at pal- 
ette address 2 is reassigned with the DPL. As the new color is 
loaded into the palette the CEG chip displays the pixel color to 
the left of the op code, Color 3, on the screen. After CEG loads 
the new color (shown as R2G2B2) at palette address 2, it is dis- 
played whenever Color 2 is used. 

Pixel Replication Compensation 

Some VGA controllers repeat each pixel twice in low resolution 
displays (such as 320 x 200). The CEG chip, however, expects 
pixels in sequences and therefore it provides pixel replication 
compensation to undo this duplication. When pixel replication 
compensation is enabled, the CEG/DAC chip samples P7-P0 on 
every second CLOCK to ignore the repeated data (see Figure 
17). Because the CEG/DAC is reversing a duplication made by 
the controller hardware, the compensation does not affect the 
graphics programmer. The bit map is written as before. 

If the scan line period (video time plus BLANK time) has an 
even number of clock cycles, then even num bered pixels are 
displayed. That is, after the end of BLANK, the first pixel is 
ignored, the second displayed, the third ignored, the fourth dis- 
played etc. If the scan line period has an odd number of clock 
periods, then the first pixel after the end of BLANK is dis- 
played, and the second is also displayed, and thereafter only 
even numbered pixels are displayed (the fourth, the sixth, etc.). 


In 4-bits-per-pixel graphics two pixels are needed to specify one 
8-bit color value. Therefore, in the Advanced-4 encoding, a 
DPL requires eight pixels; one for the op code, six for the new 
color (two each red, green and blue), and one for the palette 
address. Table XII shows the DPL op code sequence. 


Opcode __ . .. Address 

\ /^Red Green Blue ^ / 


BITMAP | 2 | 3 | 7~ R 2 IR 2 G 2 IG 2 IB 2 IB 2 ~2~| 3 I 2 I 4 | 2 | 



Figure 16. DPL Op Code in the Bit Map 


Table XIII. DPL Op Code Sequence for Advanced-4 


Pixel No. 

1 

2 

3 

4 

5 

6 

7 

8 

Contents 

DPL 

New 

New 

New 

New 

New 

New 

Palette 


Op code 

Red 

Red 

Green 

Green 

Blue 

Blue 

Address 

Color bits 


R7-R4 

R3-R0 

G7-G4 

G3-G0 

B7-B4 

B3-B0 
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Figure 1 7. Pixel Replication Compensation 


CEG/DAC MODES 

The CEG/DAC supports a number of modes. A mode is a com- 
bination of attributes. The possible attributes are: 

• CEG Encoding (Basic-8 or Advanced-4 or Advanced-8) 

• Dynamic Palette Loading (DPL) 

• Pixel Replication Compensation 

The mode is selected under software control by a key sequence 
followed by a mode byte. 

Enabling CEG 

The CEG/DAC employs an unused sequence of palette accesses 
to enable the CEG logic. This long sequence was specially de- 
signed to prevent accidental mode changes. To enable the CEG/ 
DAC the software must perform the following steps: 

1. Write a palette read address (222). 

2. Write three specific bytes of palette RAM data. 

3. Repeat Steps 1 and 2 twice more. 

There are eight bytes of special palette RAM data followed by 
the CEG mode byte. The mode byte determines the CEG func- 
tionality. Table XIV shows the special palette RAM data and 
the mode byte. The CEG/DAC Modes table shows the mode 
byte values. Appendix A contains sample software routines to 
set the VGA CEG/DAC mode. 


Table XIV. CEG Key Sequence (Decimal Values) 


Byte 1 

Byte 2 

Byte 3 

Byte 4 

Byte 5 

Byte 6 

Byte 7 

Byte 8 

Byte 9 

67 

69 

71 

69 

68 

83 

85 

78 

Mode 


The key sequence must be written exactly as shown and cannot 
be interrupted by any other palette accesses. The entire key 
sequence must be reentered to change CEG modes. If the key 
sequence is wrong or the CEGDIS pin is high, the chip remains 
in compatibility mode. After the mode is set it can be read from 
palette location 223 blue. Note that, as with other palette data, 
the mode byte is shifted as it is written to the palette (see Com- 
patibility section). 

Table XV shows the CEG/DAC modes. Unpredictable results 
can occur if a mode not listed in the table is used. 


Writing palette data to location 223 immediately disables CEG 
operations and returns the device to full power-up compatibility 
mode (there are no side effects to this and no need to clear any 
registers). Appendix A contains sample software that clears the 
CEG/DAC mode and returns the hardware to its initial power- 
up compatibility mode (in a VGA system). 

Gamma Correction 

The CEG/DAC automatically applies full gamma correction in 
all CEG modes. Gamma correction is required to compensate for 
the nonlinear relationship between the CEG/DAC outputs and 
the CRT display. To avoid any incompatibility, gamma correc- 
tion is disabled in compatibility mode. The CEG/DAC uses a 
gamma value of 2.3 to perform this correction. 

Identifying a CEG/DAC 

Software determines whether a CEG/DAC is present by reading 
the mask register. Whenever a CEG mode set is selected, the 
four most significant bits of the mask register become write 
only. When read, these four MSBs do not relay the contents of 
the mask, but rather, give information about the CEG hardware 
installed. 

Mask register Bit D7 is reserved and Bits D6-D4 read back the 
revision code of the CEG/DAC chip. The revision number al- 
ways contains at least one “0” to allow software to distinguish 
CEG/DAC chips from other DACs. An ordinary palette DAC 
returns the full eight bits of the mask register. 

In other words, by enabling CEG, loading the mask register 
with 255 and then reading the mask register, the software can 
determine whether or not the hardware uses a CEG/DAC. De- 
vices that return the value loaded (those which read back 255) 
do not have CEG. Those that return a different value use a 
CEG/DAC. Appendix A contains sample software which deter- 
mines the version by inspecting the mask register. 


Table XV. CEG/DAC Modes 


Mode 

CEG Encoding 
Method 

DPL 

Pixel 

Replication 

5 

Basic-8 



6 

Basic-8 


* 

9 

Advanced-4 



10 

Advanced-4 


* 

11 

Advanced-4 

* 


13 

Advanced-8 



14 

Advanced-8 


★ 

15 

Advanced-8 

* 
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APPENDIX A. CEG SAMPLE CODE 

The following code samples are available on diskette 

Setting the CEG/DAC Mode 

SET_CEG_MODE: ; Set the CEG/DAC mode by entering a key sequence. 

; 8086/286/386/486 assembler for a CEG/DAC in a VGA 
; Desired MODE is passed in AL 


PUSH 

DX 


; Save DX 

PUSH AX 



; Save MODE for later 

RVRT equ 

00001000b 


; Vertical retrace bit 

MOV 

DX, 

03DAH 

; Set to Video status port 

SYNCO: IN 

AL, 

DX 

; Get from Status Port 

TEST 

AL, 

RVRT 

; Are we in vertical retrace ? 

JNZ 

SYNCO 


; Yes, wait until we aren’t 

SYNC1: IN 

AL, 

DX 

; Get from status port 

TEST 

AL, 

RVRT 

; Are we in vertical retrace ? 

JZ 

SYNC1 


; No, loop until we are 

ENTER_KEY: 




MOV 

DX, 

03C7H 

; Set up DAC for read from 222 

MOV 

AL, 

222 


OUT 

DX, 

AL 


MOV 

DX, 

03C9H 

; Put write data address in DX 

MOV 

AL, 

67 

; Write key byte 1 

OUT 

DX, 

AL 


MOV 

AL, 

69 

; Write key byte 2 

OUT 

DX, 

AL 


MOV 

AL, 

71 

; Write key byte 3 

OUT 

DX, 

AL 


MOV 

DX, 

03C7H 

; Set up DAC for read from 222 

MOV 

AL, 

222 


OUT 

DX, 

AL 


MOV 

DX, 

03C9H 

; Put write data address in DX 

MOV 

AL, 

69 

; Write key byte 4 

OUT 

DX, 

AL 


MOV 

AL, 

68 

; Write key byte 5 

OUT 

DX, 

AL 


MOV 

AL, 

83 

; Write key byte 6 

OUT 

DX, 

AL 


MOV 

DX, 

03C7H 

; Set up DAC for read from 222 

MOV 

AL, 

222 


OUT 

DX, 

AL 


MOV 

DX, 

03C9H 

; Put write address in DX 

MOV 

AL, 

85 

; Write key byte 7 

OUT 

DX, 

AL 


MOV 

AL, 

78 

; Write key byte 8 

OUT 

DX, 

AL 


POP 

AX 


; Retrieve desired MODE 

OUT 

DX, 

AL 

; Write the MODE 

POP 

DX 


; Restore DX 

RET 



; return from subroutine 
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Clearing the CEG/DAC Mode 

CLEAR_CEG_MODE: 

; Clear CEG mode and return to 
; power-up compatibility mode 

; 8086/286/386/486 assembler code to clear the CEG/DAC mode and 
; return the hardware to its initial power-up Compatibility mode 
; (in a VGA system) 

; To clear CEG mode: 

; 1) Wait for the Beginning of a vertical retrace 

; 2) Write to palette location 223d 



PUSH 

DX 


; Save DX 


PUSH 

AX 


; Save MODE for later 

RVRT 

equ 

00001000b 


; Vertical retrace bit 

; Trigger during vertical retrace so 

DPLs won’t interrupt reset 


MOV 

DX, 

03DAH 

; Set to Video status port 

SYNCO: 

IN 

AL, 

DX 

; Get from Status Port 


TEST 

AL, 

RVRT 

; Are we in vertical retrace ? 


JNZ 

SYNCO 


; Yes, wait until we aren’t 

SYNC1: 

IN 

AL, 

DX 

; Get from status port 


TEST 

AL, 

RVRT 

; Are we in vertical retrace ? 


JZ 

SYNC1 


; No, loop until we are 
; Safe to write 


MOV 

DX, 

03C8H 



MOV 

AL, 

223 

; Set write address 


OUT 

DX, 

AL 



MOV 

DX, 

03C9H 



MOV 

AL, 

0 

; Clear CEG mode 


OUT 

DX, 

AL 

; Write the byte 


POP 

AX 


; Restore AX 


POP 

DX 


; Restore DX 


RET 





Determining the CEG/DAC Version (Reading the Mask Register) 

GET_VERSION: ; Identify CEG version number 

; 8086\286\386\486 assembler code for the VGA sequence to 
; determine the version by inspecting the mask register 


MOV 

AL, 

013DH 

; Any legal mode will do 

CALL 

SET_CEG_MODE 

; Set the mode 

MOV 

DX, 

03C6H 

; Set DX to mask reg. address 

MOV 

AL, 

255 

; Write mask bits to all ones 

OUT 

DX, 

AL 


IN 

AL, 

DX 

; Read contents of mask reg 

SHR 

AL, 

1 

; Shift result to lowest bits 

SHR 

AL, 

1 


SHR 

AL, 

1 


SHR 

AL, 

1 


AND 

AX, 

7 

; Mask to keep only three bits 


; The revision code is now in the low nibble of AL 
; Valid revision codes are 0-6 

; Revision code 7 indicates Non CEG compatible device 
; This specification refers to chip revision 00 
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Writing the Palette 


; 8086/286/386/486 assembler code for 

the VGA sequence to 



; write to the palette 






WRITE_PAL: 




; Write to Palette locations 



MOV 

DX, 

03C8h 

; Set up CEG/DAC for Write 



MOV 

AL, 

0 

; Will write location zero 



OUT 

DX, 

AL 

> 



MOV 

DX, 

03C9h 

; Put data address into DX 



OUT 

DX, 

AL 

; Write Red Byte 

Location 0 


OUT 

DX, 

AL 

; Write Green Byte 

Location 0 


OUT 

DX, 

AL 

; Write Blue Byte 

Location 0 

; Palette Address will Auto-increment 

- keep 

writing 





OUT 

DX, 

AL 

; Write Red Byte 

Location 1 


OUT 

DX, 

AL 

; Write Green Byte 

Location 1 


OUT 

DX, 

AL 

; Write Blue Byte 

Location 1 

Reading the Palette 






; 8086/286/386/486 assembler code for 

the VGA sequence to 



; read from the palette 






READJ>AL: 




; Read From Palette locations 



MOV 

DX, 

03C7h 

; Set up CEG/DAC for read 



MOV 

AL, 

50 

; Will read from location 50 



OUT 

DX, 

AL 

5 



MOV 

DX, 

03C9h 

; Put Data address into DX 



IN 

AL, 

DX 

; Read Red Byte into AL 



IN 

AH, 

DX 

; Read Green Byte into AH 



IN 

BL, 

DX 

; Read Blue Byte into BL 


; Palette Address will Auto-increment 

- keep 

reading 





IN 

AL, 

DX 

; Read Red Byte 

Location 51 


IN 

AH, 

DX 

; Read Green Byte 

Location 51 


IN 

BL, 

DX 

; Read Blue Byte 

Location 51 

Accessing the Pixel Mask Register 






; 8086/286/386/486 assembler code for 

the VGA sequence to access the 



; Pixel Mask Register 






ACCESS JIEG 







MOV 

DX, 

3C6h 

; Pixel Mask Register Port Address 


MOV 

AL, 

255 

; Write all ones to register 



OUT 

DX, 

AL 

5 



IN 

DX, 

AL 

; Read back contents of register 
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Audio Preamplifiers (All Values Typical) 




THD+N 

Slew 

Gain 

CMRR 




Input Voltage Noise 

%, G = 1000, 

Rate 

Bandwidth 

dB, G = 1000 



Model 

nV/VHz, G = 1000 

f = 1 kHz 

V/ps 

MHz, G = 1000 

f = 60 Hz 

Page 

Comments 

SSM-2015 

1.3 

0.007 

8 

0.7 

100 

7-59 

Programmable Input Stage for Noise 
vs. Source Impedance Optimization 

SSM-2016 

0.8 

0.009 

10 

0.55 

100 

7-65 

±9 V to ±36 V Operation 

SSM-2017 

0.95 

0.012 

17 

1 

112 

7-73 

Only One External Component Required 


7-73 


Volume Control 

Voltage Controlled Amplifiers (All Values Typical) 




Audio 

THD+N 

Gain/Atten 

Gain 

Gain 




# 

Dynamic Range %, @ 1 kHz 

Range 

Bandwidth 

Core 



Model 

Channels 

dB 

G = 1 

dB 

MHz 

Class 

Page 

Comments 

SSM-2013 

1 

106 

0.004 

115 

0.8 

A 

7-51 

Includes Mute Function 

SSM-2014 


Discontinued - 

Specify Pin-Compatible Upgrade SSM-2018 




SSM-2018 

1 

117 1 

0.006 2 

140 

10 

A/AB 

7-81 

Programmable Gain Core Class 








7-81 


SSM-2024 

4 

82 

0.05 



A 

7-93 

Lowest Cost Per VCA 

SSM-2 120/2 

2 

100 

0.005 

140 

0.25 

A 

7-111 

SSM-2 120 Contains Two Level 








7-111 

Detection Side Chains On-Chip 

AD600 

2 

98 


40 

3980 

A 

7-5 

7 

32 dB/V Scale Factor 

AD602 

2 

108 


40 

1258 

A 

/O 

7-5 

32 dB/V Scale Factor 


7-5 

LogDACs 

Step Attenuation 

# Resolution Range 


Model 

Channels 

dB 

dB 

Page 

Comments 

AD7111 

1 

0.375 

89.6 

7-9 

8-Bit Control Input 

AD7118 

1 

1.5 

88.5 

7-15 

6-Bit Control Input 
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Audio 


Min Channel 

Min Channel 




Dynamic 

THD+N 

Separation 

Separation 




Range 

%, @ 1 kHz, 

dB 

dB 



Model 

dB 

0 dBd = 500 mV rms 

Cin to L, Rout 

All Other Channels 

Page 

Comments 

SSM-2125 

103 

0.02 

35 

25 

7-123 

Autobalance, Noise Sequencer On-Chip 

SSM-2126 

103 

0.02 

25 

25 

7-123 

Autobalance, Noise Sequencer On-Chip 


Audio Line Driver and Receivers (All Values Typical) 

Balanced Line Driver 



Audio 

Dynamic 

THD+N 

Output 

Slew 





Range 

%, @ 1 kHz 

CMRR 

Rate 




Model 

dB 

V IN = 10 V rms dB, f = 1 kHz V/ps 

Page 

Comments 

SSM-2142 

116 

0.006 

-45 

15 

7-139 

No External Components Required, Drives Difficult Loads 

Differential Line Receivers 







Audio 

Dynamic 

THD+N 


Slew 





Range 

%, @ 1 kHz, 

Input CMRR 

Rate 




Model 

dB 

10 V rms 

dB, f = 60 Hz 

V/ps Gain 

Page 

Comments 

SSM-2141 

126 

0.001 

100 

9.5 1 


7-133 

No External Components Required 

SSM-2143 

128 

0.0008 

90 

10 1/2 or 2 

7-145 

No External Components Required 


'Class AB. 

2 Trimmed, Class AB. 

*Dolby is a registered trademark of Dolby Laboratories Licensing Corporation, San Francisco, CA. 
** Available only to licensees of Dolby Laboratories 
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Audio Switches (All Values Typical) 


Model 

# 

Switches 

Noise 

Voltage 

nVVHz 

THD+N 

% 

@ 1 kHz 

OFF 

Isolation 

dB 

20 Hz to 20 kHz 

Charge 

Injection 

pC 

Page 

Comments 

SSM-2402 

2 

1 

0.003 

120 

50 

7-167 

Handles +24 dBu Signals (20 V supplies) 

SSM-2404 

4 

0.8 

0.0009 

100 

35 

7-181 

Lowest Cost-Per-Switch 

SSM-2412 

2 

1 

0.003 

120 

150 

7-167 

Faster Version of SSM-2402 (to N = 4 ms) 


Matched Transistors 


Model 

Type 

Voltage Noise Max 
nV/VHz, f = 1 kHz 

HfeMin 

Ahfe Max 
%, Ic — 1 mA 

Unity Gain 

Bandwidth 

MHz, I c = 10 mA (typ) 

Voltage 
Offset Max 
pV 

Page 

Comments 

SSM-2210 

Dual NPN 

1 

300 

5 

200 

200 

7-147 

Low Cost 

SSM-2220 

Dual PNP 

1 

80 

6 

180 

200 

7-159 

Low Cost 

MAT-04 

Quad NPN 

2.5 

400 

2 

300 

200 

7-21 

Low Cost 


Other Special Function Audio Products 

Model Page Comments 

PKD-Ol 7-33 Monolithic Peak Detector 
SSM-2110 7-99 RMS-to-DC Converter 


□ ANALOG 
DEVICES 


Dual, Low Noise, Wideband 
Variable Gain Amplifiers 


AD60Q/AD602* 


FEATURES 

Two Channels with Independent Gain Control 
"Linear in dB" Gain 
Two Gain Ranges: 

AD600: 0 dB to +40 dB 
AD602: -10 dB to +30 dB 
Accurate Absolute Gain: ±0.5 dB 
Low Input Noise: 1.4 nV/VHz 
Low Distortion: -60 dBc THD at ±1 V Output 
High Bandwidth: DC to 35 MHz (-3 dB) 

Stable Group Delay: ±2 ns 
Low Power: 125 mW (Max) per Amplifier 
Signal Gating Function for Each Amplifier 
Drives A/D Converter Directly 

APPLICATIONS V' * ^ \ 

Ultrasound and Sonar Time-Gain Control ^ ^ 

High Performance Audio and RF AGC Systems 
Signal Measurement 
Range Extension for A/D Converters 



PRODUCT DESCRIPTION 


FUNCTIONAL BLOCK DIAGRAM 



C1HI 

A1CM 

AIOP 

VPOS 

VNEG 

A20P 

A2CM 

C2HI 


The AD600 and AD602 are dual channel, low noise variable 
gain amplifiers, based on Analog Devices’ proprietary X-AMP 
technique. They are optimized for use in ultrasound imaging 
systems, but are applicable to any application requiring very 
precise gain, low noise and distortion, and wide bandwidth. 

Each channel provides a gain of 0 to +40 dB in the AD600 
and -10 dB to +30 dB in the AD602. The lower gain of the 
AD602 results in an improved signal-to-noise ratio at the out- 
put. However, both products have the same 1.4 nV/\/Hz input 
noise spectral density. The decibel gain is directly proportional 
to a control voltage, and is accurately calibrated and temperature 
stable. 

To achieve the difficult performance objectives, a new circuit 
form— the X-AMP— has been developed. Each channel of the 
X-AMP comprises a variable attenuator of 0 dB to -42. 14 dB 
followed by a high-speed fixed-gain amplifier. In this way, the 
amplifier never has to cope with large inputs, and can benefit 
from the use of negative feedback to precisely define the gain 
and dynamics. The attenuator is realized as a seven-stage R-2R 
ladder network having an input resistance of 100 ft, laser- 
trimmed to ±2%. The attenuation between tap points is 
6.02 dB; the gain-control circuit provides continuous inter- 
polation between these taps. The resulting gain is very exact, 
although there is a small ripple (about ±0.2 dB) in the gain 
error. 

The gain-control interfaces are fully differential, providing an 
input resistance of —15 Mft and a scale factor of 32 dB/V (that 
is, 31.25 mV/dB) defined by an internal voltage reference. The 
response time of this interface is less than 1 |xs. Each channel 

^Patent pending. 

X-AMP is a trademark of Analog Devices, Inc. 


also has an independent gating facility which optionally blocks 
signal transmission and sets the dc output level to within a few 
millivolts of the output ground. The gating control input is 
TTL and CMOS compatible. 

The gain of the AD600 is 41.07 dB and that of the AD602 is 
31.07 dB; the -3 dB bandwidth of both the AD600 and AD602 
is nominally 35 MHz, essentially independent of the gain. The 
instantaneous signal-to-noise ratio (ISNR) for a 1 V rms output 
and a 1 MHz noise bandwidth is typically 76 dB for the AD600 
and 86 dB for the AD602. The amplitude response is within 
±0.5 dB from 100 kHz to 10 MHz; over this frequency range 
the group delay varies by less than ±2 ns at all gain settings. 

Each amplifier section can drive a variety of load impedances 
with low distortion. The peak specified output is ±2.5 V mini- 
mum into a 500 f l load, or ± 1 V into a 100 ft load. For a 
200 ft load in shunt with 5 pF, the total harmonic distortion for 
a ±1 V sinusoidal output at 10 MHz is typically -60 dBc. 

With appropriate precautions, amplifier sections may be cas- 
caded to provide a gain-control range of 80 dB. A variety of 
control options can then be employed. For example, the gain- 
control inputs can be driven in simple parallel to provide a scal- 
ing of 64 dB/V, when the ISNR decreases essentially linearly as 
the gain is increased. A gain offset of just 3 dB between the two 
sections results in the lowest ripple in the gain error. Alterna- 
tively, the gain-control inputs may be offset by 40 dB to achieve 
the highest possible ISNR at any gain within the full gain range. 

The AD600 and AD602 are available in either a 16-pin plastic 
DIP or 16-pin SOIC, and are guaranteed for operation over the 
commercial temperature range of 0°C to +70°C. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD600/AD602 — SPECIFICATIONS (Each VGA, at T A = +25°C, V s = ±5 V, -625 mV < V G < ,,,, 

+625 mV, R l = 500 11, and C L = 5 pF, unless otherwise noted. Specifications for AD600 and AD602 are identical unless otherwise noted.) 


_'■ ■ V: ' 


AD600J/AD602J 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

AMPLIFIER INPUT CHARACTERISTICS 






Input Resistance 

Pin 2 to 3; Pin 6 to 7 

98 

100 

102 

n 

Input Capacitance 



2 


pF 

Input Noise Spectral Density 1 

-625 mV < V G < +625 mV 


1.4 


nV/VHz 

Peak Input Voltage 




±2 

■V ■ 

Common-Mode Rejection Ratio 

f = 1 MHz 


TBD 


dB 

AMPLIFIER OUTPUT CHARACTERISTICS 






-3 dB Bandwidth 

V 0 ut = 100 mV rms 


35 


MHz 

Slew Rate 



275 


V/ps 

Peak Output 2 

R l > 5000 

a ^.5 

±3 


"V 

Output Impedance 

f < 10 MHz 


2 


a 

Output Short-Circuit Current 



TBD 

TBD 

mA 

Group Delay Change vs. Gain 

f = 3 MHz; FuU Ga*iikabg6 

% 

±2 


ns 

Group Delay Change vs. Frequency 

v « =ov rtw 


±2 


ns 

Distortion 

THD; R, = 200 n, V c = IV 


-60 


dBc 

AMPLIFIER GAIN ACCURACY 






AD600 






Gain Accuracy % 

fV \ * 

•n oo 
? 

0 

20 

+0.5 

20.2 

dB 

dB 


V G = +625 mV 

39.5 

40 

40.5 

dB 

Output Offset Voltage 3 

V G = 0 


15 

30 

mV 

Output Offset Variation 

AD602 

-625 mV < V G < +625 mV 



TBD 

mV 

Gain Accuracy 

V G = — 625 mV 

-10.5 

-10 

-9.5 

dB 


V G = 0 V 

9.8 

10 

10.2 

dB 


V G = + 625 mV 

29.5 

30 

30.5 

dB 

Output Offset Voltage 3 

v G = o 


5 

10 

mV 

Output Offset Variation 

-625 mV < V G < +625 mV 



TBD 

mV 

GAIN CONTROL INTERFACE 






Gain Scaling Factor 


31.7 

32 

32.3 

dB/V 

Input Voltage Range 


-0.75 


2.5 

V 

Input Bias Current 



0.15 

1 

jxA 

Input Offset Current 



10 

TBD 

nA 

Differential Input Resistance 

Pins 1 to 16; Pins 8 to 9 


15 


MO 

Response Time 

Full 40 dB Gain Change 


40 


dB/jxs 

SIGNAL GATING INTERFACE 






Logic Input “LO” (Output ON) 




0.8 

V 

Logic Input “HI” (Output OFF) 


2.4 



V 

Response Time 

ON to OFF, OFF to ON 


1 


|XS 

Input Resistance 

Output Gated OFF 

Pin 4 to 3; Pin 5 to 6 


30 


kO 

Output Offset Voltage 



+ 10 


mV 

Output Noise Spectral Density 



11 


nV/\/Hz 

Signal Feedthrough 



TBD 


dB 

POWER SUPPLY 






Specified Operating Range 


±4.75 


±5.25 

V 

Quiescent Current 



22 

25 

mA 

Power Supply Rejection Ratio 

±4.75 V < V s < 5.25 V 


TBD 


dB 


NOTES 

‘Open or short-circuited input; noise is lower when system is set to maximum gain and input is short-circuited. 

2 Using resistive loads of 5000 or greater, or with the addition of a 1 kfl pull-down resistor when driving lower loads. 

3 Note that because the amplifier’s gain is X113 (41 dB) in the AD600, an input offset of only 100 jxV becomes an 11.3 mV offset at the output; in the AD602, 
the amplifier’s gain is 35.7 (31 dB), and an input offset of 100 (xV becomes a 3.57 mV offset at the output. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


7-6 SPECIAL FUNCTION AUDIO PRODUCTS 


REV/0 



AD600/AD602 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±V S 

Input Voltages 

Pins 1, 8, 9, 16 

Pins 2, 3, 6, 7 

Pins 4, 5 


Internal Power Dissipation 600 mW 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature, Soldering 60 sec + 300°C 


NOTE 

‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Thermal Characteristics: 

16-Pin Plastic Package: 0 JA = 85°C/Watt 
16-Pin SOIC Package: 0 JA = 100°C/Watt 


CAUTION 

ESD (electrostatic discharge) sensitive device. Permanent damage may occur on unconnected 
devices subject to high energy electrostatic fields. Unused devices must be stored in conductive 
foam or shunts. The protective foam should be discharged to the destination. socket before devices 
are removed. , ■ ■ %„ 


WARNING! 


ESD SENSITIVE DEVICE 


1 

CONNECTION DIAGRAM .. V* 

16-Pin Plastic DIP (N) Package 
16-Pin Plastic SOIC (R) Package 



ORDERING GUIDE 


Model 

Gain 

Range 

Temperature 

Range 

Package 

Option* 

AD600JN 

0 dB to +40 dB 

0°C to +70°C 

N-16 

AD600JR 

0 dB to +40 dB 

0°C to +70°C 

R-16 

AD602JN 

-10 dB to +30 dB 

0°C to +70°C 

N-16 

AD602JR 

-10 dB to +30 dB 

0°C to +70°C 

R-16 


PIN DESCRIPTIONS 
Pin Function Description 


CHI Gain-Control Input “LO” (Positive 
Voltage Reduces CHI Gain). 

CHI Signal Input “HI” (Positive Voltage 
Increases CHI Output). 

CHI Signal Input “LO” (Usually Taken to 
CHI Input Ground). 

CHI Gating Input (A Logic “HI” Shuts Off 
CHI Signal Path). 

CH2 Gating Input (A Logic “HI” Shuts Off 
CH2 Signal Path). 

CH2 Signal Input “LO” (Usually Taken to 
CH2 Input Ground). 

CH2 Signal Input “HI” (Positive Voltage 
Increases CH2 Output). 

CH2 Gain-Control Input “LO” (Positive 
Voltage Reduces CH2 Gain). 

CH2 Gain-Control Input “HI” (Positive 
Voltage Increases CH2 Gain). 

CH2 Common (Usually Taken to CH2 
Output Ground). 

CH2 Output. 

Negative Supply for Both Amplifiers. 
Positive Supply for Both Amplifiers. 

CHI Output. 

CHI Common (Usually Taken to CHI 
Output Ground). 

CHI Gain-Control Input “HI” (Positive 
Voltage Increases CHI Gain). 


*N = Plastic DIP; R = Small Outline IC (SOIC). For outline information 
see Package Information section. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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DEVICES 


LOGDAC 

CMOS Logarithmic D/A Converter 


AD7111* 


FEATURES 

Dynamic Range: 88.5dB 

Resolution: 0.375dB 

On-Chip Data Latches 

Full ±25V Input Range Multiplying DAC 

Low Distortion 

Single +5V Supply 

Latch-Up Free (No Protection Schottky Required) 
APPLICATIONS 

Digitally Controlled AGC Systems 
Audio Attenuators 

Wide Dynamic Range A/D Converters 
Sonar Systems 
Function Generators 


FUNCTIONAL BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The LOGDAC™ AD7111 is a CMOS multiplying D/A con- 
verter which can attenuate an analog input signal over the 
range 0 to -88.5dB in 0.375dB steps. 

The degree of attenuation is determined by an 8-bit data word 
which is latched into on-chip data latches using microproces- 
sor compatible control signals CS and WR. Operating frequen- 
cy range of the device is from dc to several hundred kHz. 

The device is available in a standard 16-pin DIP and in a 
20-terminal surface mount package. 


ORDERING GUIDE 


Model 

Temperature 

Range 

Specified 

Accuracy 

Range 

Package 

Option* 

AD7111KN 

0°C to + 70°C 

OdB to60dB 

N-16 

AD7111BQ 

- 25°C to + 85°C 

OdB to 60dB 

Q-16 

AD7111TQ 

- 55°C to + 125°C 

0dBto60dB 

Q-16 

AD7111LN 

0°Cto + 70°C 

OdB to 72dB 

N-16 

AD7111CQ 

- 25°C to + 85°C 

0dBto72dB 

Q-16 

AD7111UQ 

- 55°C to + 125°C 

OdB to 72dB 

Q-16 

AD7111TE/883B 

- 55°C to + 125°C 

OdB to 60dB 

E-20A 


*E = Leadless Ceramic Chip Carrier; N = Plastic DIP; Q = Cerdip. 
For outline information see Package Information section. 


*U.S. Patent No. 4521764 

LOGDAC is a trademark of Analog Devices Inc. 
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An71 11 CDCPItir ATinKIC (V m> = +5V ’ v '» = _10V dc ' w = agnd = ognd = ov, 

HU# I I I Oi LUIlIUf] luno output amplifier AD544 except where 


Parameter 

AD7111L/C/U GRADES 

Ta = +25 C Ta * T m i n , T max 

AD7111K/B/T GRADES 

Ta - +25 C Ta = T m jn, T max 

Units 

Conditions/Comments 

NOMINAL RESOLUTION 

0.375 

0.375 

0.375 

0.375" 

dB 


ACCURACY RELATIVE TO OdB ATTENUATION 







0.375dB Steps: 







Accuracy < ±0.1 7dB 

Oto 36 

Oto 36 

Oto 30 

Oto 30 

dB min 

Guaranteed attenuation ranges 

Monotonic 

0.75dB Steps: 

Oto 54 

Oto 54 

3 

o 

o 

Oto 48 

dB min 

for specified step sizes 

Accuracy < ±0.35dB 

Oto 48 

Oto 42 

Oto 42 

Oto 36 

dB min 


Monotonic 

0 to 72 

0 to 66 

Oto 72 

0 to 60 

dB min 


1.5dB Steps: 







Accuracy < ±0.7dB 

Oto 54 

Oto 48 

Oto 48 

Oto 42 

dB min 


Monotonic 

3. OdB Steps: 

Full Range 

Oto 78 

Oto 85.5 

Oto 72 

dB min 

Full Range is from 0 to 88.5dB 

Accuracy < ±1.4dB 

0 to 66 

0 to 54 

0 to 60 

Oto 48 

dB min 


Monotonic 

6.0dB Steps: 

Full Range 

Full Range 

Full Range 

Full Range 



Accuracy < ±2.7dB 

Monotonic 

0 to 72 

Full Range 

0 to 60 

Full Range 

0 to 60 

Full Range 

Oto 48 

Full Range 

dB min 


GAIN ERROR 

±0.1 

±0.15 

±0.15 

±0,20 



Vdm INPUT RESISTANCE 







(PIN 15) 

9/11/15 

9/11/15 

7/11/18 

7/11/18 

k£2 min/typ/max 


R FB INPUT RESISTANCE 







(PIN 16) 



7.3/11.5/18.8 

7.3/11.5/18.8 

kfl min/typ/max 


DIGITAL INPUTS 





m 


V|h (Input High Voltage) 

2.4 

2.4 

2.4 

2.4 



Vjl (Input Low Voltage) 

0.8 

0.8 

0.8 

0.8 



Input Leakage Current 

±1 

±10 

±1 

+10 


Digital Inputs = Vdd 

SWITCHING CHARACTERISTICS 1 







tcs 

0 

0 

0 

0 

ns min 

Chip Select to Write Setup Time 

tCH 

0 

0 

0 

0 

ns min 

Chip Select to Write Hold Time 

l WR 

350 

500 

350 

500 

ns min 

Write Pulse Width 

l DS 

175 

250 

175 

250 

ns min 

Data Valid to Write Setup Time 

*DH 

10 

10 

10 

10 

ns min 

Data Valid to Write Hold Time 

tRFSH 

3 

4.5 

3 

4.5 

jus min 

Refresh Time 

POWER SUPPLY 







V DD 

+5 

+5 

+5 

+5 

V 


•dd 

1 

4 

1 

4 

mA max 

Digital Inputs = Vjh or Vjl 


500 

1000 

500 

1000 

juA max 

Digital Inputs = 0V or Vdd - See Figure 7. 


NOTE 

1 Sample tested at +25°C to ensure compliance. 

Specifications subject to change without notice. 

AC PERFORMANCE CHARACTERISTICS 


These characteristics are included for design guidance only and are not subject to test. 

Vdd = + 5V, V j N = - lOVdc except where stated, Iqut = AGND = DGND = OV, output amplifier AD544 except where stated. 


Parameter 



Units 

Conditions/Comments 

DC Supply Rejection, AGain/AVoo 

0.001 

0.005 

0.001 

0.005 

dB per % max 

AV dd = ±10%, Input Code = 00000000 

Propagation Delay 

3.0 

4.5 

3.0 

4.5 

jus max 

Full Scale Change Measured from 

WR going high, CS = 0V. 

Digital-to-Analog Glitch Impulse 

100 


100 


nV secs typ 

Measured with ADLH0032CG as Output 
Amplifier for Input Code Transition 
10000000 to 00000000. 

Cl of Figure 1 is OpF 

Output Capacitance, Pin 1 

185 

185 

185 

185 

pF max 


Input Capacitance, Pin 15 and Pin 16 

7 

7 

7 

7 

pF max 


Feedthrough at 1kHz 

-94 

-72 

-92 

-68 

dB max 

Feedthrough is also determined by circuit 

Total Harmonic Distortion 

-91 

-91 

-91 

-91 

dB typ 

nVA/Hz max 

layout (see Figure 4). 

Output Noise Voltage Density 

70 

70 

70 

70 

V w = 6V rms at 1kHz 

Digital Input Capacitance 

7 

7 

7 

7 

pF max 

Includes AD544 Amplifier Noise 


Specifications subject to change without notice. 
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AD7111 


Operating Temperature Range 
Commercial (K, L Versions) . . . 
Industrial (B, C Versions) .... 
Extended (T, U Versions) .... 

Storage Temperature 

Lead Temperature (Soldering, lOsecs) 


♦Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions 
above those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 



ABSOLUTE MAXIMUM RATINGS* 

(T A = + 25°C unless otherwise noted) 


V DD (to DGND) + 7V 

Vin (to AGND) + 35V 

Digital Input Voltage to DGND . . . -0.3V to V DD + 0.3V 

Iout to AGND —0.3V to Vop 

Vin to AGND ±35V 

AGND to DGND 0 to V DD 

DGND to AGND 0 to V DD 

Power Dissipation (Any Package) 

To +75°C 450m W 

Derates above + 75°C by 6mW/°C 


. . . Oto + 70°C 
-25°C to +85°C 

- 55°C to + 125°C 

- 65°C to 4- 150°C 
+300°C 


TERMINOLOGY 

RESOLUTION: Nominal change in attenuation when moving 
between two adjacent codes. 

MONOTONICITY: The device is monotonic if the analog out- 
put decreases (or remains constant) as the digital code increases. 

FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when all digital inputs are high. See 
section on Applications. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
the Iout terminal with all digital inputs high. 

TOTAL HARMONIC DISTORTION: A measure of the har- 
monics introduced by the circuit when a pure sinusoid is ap- 
plied to the input. It is expressed as the harmonic energy 
divided by the fundamental energy at the output. 

ACCURACY: The difference (measured in dB) between the 
ideal transfer function as listed in Table I and the actual trans- 
fer function as measured with the device. 

OUTPUT CAPACITANCE: Capacitance from Iqut to ground. 


DIGITAL-TO-ANALOG GLITCH IMPULSE: The amount of 
charge injected from the digital inputs to the analog output 
when the inputs change state. This is normally specified as 
the area of the glitch in either pA-Secs or nV-Secs depending 
upon whether the glitch is measured as a current or voltage 
signal. Glitch impulse is measured with Vjn = AGND. 

PROPAGATION DELAY: This is a measure of the internal 
delays of the circuit and is defined as the time from a digital 
input change to the analog output current reaching 90% of its 
final value. 

WRITE CYCLE TIMING DIAGRAM 


1 tcs 

CHIP ?v 


‘CH „ NOTES: 

/ VDD 1. ALL INPUT SIGNAL RISE AND FALL TIMES 

f MEASURED FROM 10% TO 90% OF V DD . V DD 

JT = +5V. «, = tf = 20ns. 

SELECT ' 

WRITE ^ ^ 

DATA IN ^ 

ID0-D7) j 


2. TIMING MEASUREMENT REFERENCE LEVEL 

\y v °° , s >pL, 

-» — ids — *- 

Vi * V|H DATA IN 

✓V, t STABLE 

fc: 


PIN CONFIGURATIONS 

DIP 


LCCC 
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AD7111 


CIRCUIT DESCRIPTION 
GENERAL CIRCUIT INFORMATION 
The AD7111 consists of a 17-bit R-2R CMOS multiplying 
D/A converter with extensive digital logic. The logic trans- 
lates the 8-bit binary input into a 17-bit word which is used 
to drive the D/A converter. Input data on the D7-D0 bus is 
loaded into the input data latches using CS and WR control 
signals. The rising edge of WR latches the input data and in- 
itiates the internal data transfer to the decoder. A minimum 
time tRFSH* the refresh time, is required for the data to pro- 
pagate through the decoder before a new data write is 
attempted. 

The transfer function for the circuit of Figure 1 is given by: 


Vo = -V IN 10 exp 


0.375 N 
20 


Vo 

VlN 


dB = -0.375 N 


Where 0.375 is the step size (resolution) in dB and N is the 
input code in decimal for values 0 to 239. For 240<N<255 
the output is zero. Table I gives the output attenuation 
relative to OdB for all possible input codes. 

The graphs on the last page give a pictorial representation of 
the specified accuracy and monotonic ranges for all grades of 
the AD7111. High attenuation levels are specified with less 
accuracy than low attenuation levels. The range of monotonic 
behavior depends upon the attenuation step size used. For 
example, the AD7111L is guaranteed monotonic in 0.375dB 
steps from 0 to -54dB inclusive and in 0.7 5dB steps from 0 
to -72dB inclusive. To achieve monotonic operation over the 
entire 88.5dB range it is necessary to select input codes so 





that the attenuation step size at any point is consistent with 
the step size guaranteed for monotonic operation at that 
point. 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows a simplified circuit of the D/A converter 
section of the AD7111 and Figure 3 gives an approximate 
equivalent circuit. 

The current source Ileakage is composed of surface and 
junction leakages and as with most semiconductor devices, 
approximately doubles every 10° C— see Figure 11. The resistor 
Ro as shown in Figure 3 is the equivalent output resistance of 
the device which varies with input code (excluding all 0’s 
code) from 0.8R to 2R. R is typically llkS2. Cqut is the 
capacitance due to the N channel switches and varies from 
about 60pF to 185pF depending upon the digital input. For 
further information on CMOS multiplying D/A converters 
refer to “Application Guide to CMOS Multiplying D/A con- 
verters” which is available from Analog Devices, Publica- 
tion Number G479-15-8/78. 



Figure 2. Simplified D/A Circuit of AD71 1 1 




JC 


g(V IN , N) IS THE THEVENIN EQUIVALENT VOLTAGE GENERATOR 
DUE TO THE INPUT VOLTAGE V| N , THE BINARY ATTENUATION 
FACTOR N AND THE TRANSFER FUNCTION OF THE R-2R LADDER. 

Figure 3. Equivalent Analog Output Circuit of AD711 1 


D 7 - D 4 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

0000 

0.0 

0.375 

0.75 

1.125 

1.5 

1.875 

2.25 

2.625 

3.0 

3.375 

3.75 

4.125 

4.5 

4.875 

5.25 

5.625 

0001 

6.0 

6.375 

6.75 

7.125 

7.5 

7.875 

8.25 

8.625 

9.0 

9.375 

9.75 

10.125 

10.5 

10.875 

11.25 

11.625 

0010 

12.0 

12.375 

12.75 

13.125 

13.5 

13.875 

14.25 

14.625 

15.0 

15.375 

15.75 

16.125 

16.5 

16.875 

17.25 

17.625 

0011 

18.0 

18.375 

18.75 

19.125 

19.5 

19.875 

20.25 

20.625 

21.0 

21.375 

21.75 

22.125 

22.5 

22.875 

23.25 

1 Timm 

0100 

24.0 

24.375 

24.75 

25.125 

25.5 

25.875 

26.25 

26.625 

27.0 

27.375 

27.75 

28.125 

28.5 

28.875 

29.75 

29.625 

0101 

30.0 

30.375 

30.75 

31.125 

31.5 

31.875 

32.25 

32.625 

33.0 

33.375 

33.75 

34.125 

34.5 

34.875 

35.25 

35.625 

0110 

36.0 

36.375 

36.75 

37.125 

37.5 

37.875 

38.25 

38.625 

39.0 

39.375 

39.75 

40.125 

40.5 

40.875 

41.25 

41.625 

0111 

42.0 

42.375 

42.75 

43.125 

43.5 

43.875 

44.25 

44.625 

45.0 

45.375 

45.75 

46.125 

46.5 

46.875 

47.25 

47.625 

1000 

48.0 

48.375 

48.75 

49.125 

49.5 

49.875 

50.25 

50.625 

51.0 

51.375 

51.75 

52.125 

52.5 

52.875 

53.25 

53.625 

1001 

54.0 

54.375 

54.75 

55.125 

55.5 

55.875 

56.25 

56.625 

57.0 

57.375 

57.75 

58.125 

58.5 

58.875 

59.25 

59.625 

1010 

60.0 

60.375 

60.75 

61.125 

61.5 

61.875 

62.25 

62.625 

63.0 

63.375 

63.75 

64.125 

64.5 

64.875 

65.25 

65.625 

1011 

66.0 

66.375 

66.75 

67.125 

67.5 

67.875 

68.25 

68.625 

69.0 

69.375 

69.75 

70.125 

70.5 

70.875 

71.25 

71.625 

1100 

72.0 

72.375 

72.75 

73.125 

73.5 

73.875 

74.25 

74.625 

75.0 

75.375 

75.75 

76.125 

76.5 

76.875 

77.25 

77.625 

1101 

78.0 

78.375 

78.75 

79.125 

79.5 

79.875 

80.25 

80.625 

81.0 

81.375 

81.75 

82.125 

82.5 

82.875 

83.25 

83.625 

1110 

84.0 

84.375 

84.75 

85.125 

85.5 

85.875 

86.25 

86.625 

87.0 

87.375 

87.75 

88.125 

88.5 

88.875 

89.25 

89.625 

1111 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 


Table I. idea! Attenuation in dB vs. input Code 
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Applications Information - AD7111 


DYNAMIC PERFORMANCE 

The dynamic performance of the AD7111 will depend upon 
the gain and phase characteristics of the output amplifier, 
together with the optimum choice of PC board layout and 
decoupling components. Figure 4 shows a printed circuit lay- 
out which minimizes feedthrough from Vjn to the output in 
multiplying applications. Circuit layout is most important if 
the optimum performance of the AD7111 is to be achieved. 
Most application problems stem from either poor layout, 
grounding errors, or inappropriate choice of amplifier. 



LAYOUT SHOWS COPPER SIDE BOTTOM VIEW) 

GAIN TRIM RESISTORS R1 AND R2 OF FIGURE 1 
ARE NOT INCLUDED. 

Figure 4. Suggested Layout for AD7 111 and Op-Amp 

It is recommended that when using the AD7111 with a high 
speed amplifier, a capacitor (Cl) be connected in the feedback 
path as shown in Figure 1. This capacitor, which should be 
between 30pF and 50pF, compensates for the phase lag intro- 
duced by the output capacitance of the D/A converter. Figures 
5 and 6 show the performance of the AD7111 using the 
AD517, a fully compensated high gain superbeta amplifier, 
and the AD544, a fast FET input amplifier. The performance 
without Cl is shown in the middle trace and the response with 
Cl in circuit is shown in the bottom trace. 



DATA CHANGE FROM 80H to 00H 


Figure 5. Response ofAD7111 with AD517 



DATA CHANGE FROM 80H TO 00H 


Figure 6. Response of AD71 1 1 with AD544 

In conventional CMOS D/A converter design parasitic capaci- 
tance in the N-channel D/A converter switches can give rise to 
glitches on the D/A converter output. These glitches result 


from digital feedthrough. The AD7111 has been designed to 
minimize these glitches as much as possible. 

For operation beyond 250kHz, capacitor Cl may be reduced 
in value. This gives an increase in bandwidth at the expense of 
a poorer transient response as shown in Figures 6 and 12. In 
circuits where Cl is not included the high frequency roll-off 
point is primarily determined by the characteristics of the 
output amplifier and not the AD7111. 

Feedthrough and absolute accuracy are sensitive to output 
leakage current effects. For this reason it is recommended that 
the operating temperature of the AD7111 be kept as close to 
25°C as is practically possible, particularly where the device's 
performance at high attenuation levels is important. A typical 
plot of leakage current vs. temperature is shown in Figure 11. 

Some solder fluxes and cleaning materials can form slightly 
conductive films which cause leakage effects between analog 
input and output. The user is cautioned to ensure that the 
manufacturing process for circuits using the AD7111 does not 
allow such films to form. Otherwise the feedthrough, accuracy 
and maximum usable range will be affected. 

STATIC ACCURACY PERFORMANCE 
The D/A converter section of the AD7111 consists of a 17-bit 
R-2R type converter. To obtain optimum static performance 
at this level of resolution it is necessary to pay great attention 
to amplifier selection, circuit grounding, etc. 

Amplifier input bias current results in a dc offset at the output 
of the amplifier due to the current flowing through the feed- 
back resistor Rfb- It is recommended that an amplifier with 
an input bias current of less than lOnA be used (e.g., AD5 17 
or AD544) to minimize this offset. 

Another error arises from the output amplifier’s input offset 
voltage. The amplifier is operated with a fixed feedback re- 
sistance, but the equivalent source impedance (the AD7111 
output impedance) varies as a function of attenuation level. 
This has the effect of varying the “noise” gain of the amplifier, 
thus creating a varying error due to amplifier offset voltage. 

It is recommended that an amplifier with less than 50 /liV of 
input offset be used (such as the AD517 or AD OP-07) in 
dc applications. Amplifiers with higher offset voltage may 
cause audible “thumps” in ac applications due to dc output 
changes. 

The AD711 1 accuracy is specified and tested using only the 
internal feedback resistor. Any Gain Error (i.e., mismatch of 
Rfb to the R-2R ladder) that may exist in the AD7111 D/A 
converter circuit results in a constant attenuation error over 
the whole range. The AD7111 accuracy is specified relative 
to OdB attenuation, hence “Gain” trim resistors— R1 and R2 
in Figure 1— can be used to adjust Vqut - V IN precisely (i.e., 
OdB attenuation) with input code 00000000. The accuracy 
and monotonic range specifications of the AD7111 are not 
affected in any way by this gain trim procedure. For the 
AD7111L/C/U grades, suitable values for R1 and R2 of 
Figure 1 are R1 = 50012, R2 = 18012; for the K/B/T grades 
suitable values are R1 = 100012, R2 = 27012. For additional 
information on gain error the reader is referred to Application 
Note “Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACs” by Phil Burton available from Analog 
Devices Inc., Publication Number E630— 10— 6/81. 
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AD7111 —Typical Performance Characteristics 



Q +1+2 +3 +4 +5 

INPUT VOLTAGE - Volts 


Figure 7. Typical Supply Current vs. Logic Input Level 



ATTENUATION - dB 

Figure 8. Typical Attenuation Error for 0.75dB Steps 



ATTENUATION - dB 

Figure 9. Typical Attenuation Error for 3dB Steps vs. 
Temperature 



Figure 1 1. Output Leakage Current vs. Temperature 



100 Ik 10k 100k 1M 

FREQUENCY - H* 


Figure 12. Frequency Response with AD 544 and AD 51 7 
Amplifiers 



Figure 13. Distortion vs. Frequency Using AD544 
Amplifier 
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Figure 10. Accuracy Specification for K/B/T Grade Devices Figure 14. Accuracy Specification for L/C/U Grade Devices 
at Ta~ +2f? C at Ta= +2f? C 
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ANALOG 

DEVICES 


LOGDAC 


CMOS Logarithmic D/A Converter 

AD7118* 


FEATURES 
Dynamic Range 85.5dB 
Resolution 1 .5dB 

Full ±25V Input Range Multiplying DAC 

Full Military Temperature Range -55°C to +125°C 

Low Distortion 

Low Power Consumption 

Latch Proof Operation (Schottky Diodes Not Required) 
Single 5V to 15V Supply 

APPLICATIONS 

Digitally Controlled AGC Systems 
Audio Attenuators 

Wide Dynamic Range A/D Converters 
Sonar Systems 
Function Generators 


FUNCTIONAL DIAGRAM 



D5 D4 D3 D2 D1 DO 
(MSB) (LSB) 

\ / 

DIGITAL INPUTS 


GENERAL DESCRIPTION 

The LOGDAC™ AD7118 is a CMOS multiplying D/A con- 
verter which attenuates an analog input signal over the range 
0 to -85.5dB in 1.5dB steps. The analog output is determined 
by a six-bit attenuation code applied to the digital inputs. Oper- 
ating frequency range of the device is from dc to several 
hundred kHz. 

The device is manufactured using an advanced monolithic sili- 
con gate thin-film on CMOS process and is packaged in a 14-pin 
dual-in-line package. 


PIN CONFIGURATION (Not to Scale) 


agnpIT 

• 

ta] (out 

D5 (MSB) |T 


13)r F b 

D4 (T 

AD7118 

JjO V|N 

D3[T 

(TOP VIEW) 

m vdd 

D2|T 


To|nc 

D1 |T 


~9~| NC 

DO (LSB) IT 


TJdgnd 


NC = NO CONNECTION 


ORDERING GUIDE 


Model 

Temperature 

Range 

Specified 

Accuracy 

Range 

Package 

Option 1 

AD7118KN 

0 to + 70°C 

0 to 42dB 

N-16 

AD7118LN 

0 to + 70°C 

0 to 48dB 

N-16 

AD7118BQ 

-25°C to +85°C 

0 to 42dB 

Q-16 

AD7118CQ 

-25°C to +85°C 

0 to 48dB 

Q-16 

AD7118TQ 2 

-55°C to +125°C 

0 to 42dB 

Q-16 

AD7118UQ 2 

-55°C to +125°C 

0 to 48dB 

Q-16 


NOTES 

'N = Plastic DIP; Q = Cerdip. For outline information 
see Package Information section. 

2 To order MIL-STD-883, Class B processed parts, add 
/883B to part number. 


*Protected by U.S. Patent No. 4521,764. 
LOGDAC is a trademark of Analog Devices, Inc. 
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■n*ii i o CDrniriPATifuic (V »» = +5V or +15V - v i« = -10V ^ ! »«t = AGND = DfiND = ® Vi out|,ut 

HU/ I 10 OrCiUiriUAI I UNO amplifier AD544 except where stated) 




| T A = +25°C | 

| Ta-ww | 


TEST CONDITIONS/ 

PARAMETER 


EffiBSl 

V DD * +15V 


V DD - +15V 

UNITS 

COMMENTS 

NOMINAL RESOLUTION j 

1.5 

1.5 

1.5 

1.5 

dB 


ACCURACY RELATIVE TO Vi N 








AD7118L/C/U 








0 to -30dB 


±0.35 

±0.35 

±0.4 

±0.4 

dB max 

Accuracy is measured using 

-31.5 to -42dB 


±0.7 

±0.5 

±0.8 

±0.7 

dB max 

circuit of Figure 1 and includes 

-43.5 to -48dB 


±1.0 

±0.7 

±1.3 

±1.0 

dB max 

any effects due to mismatch 

AD7118K/B/T 







between Rfb and the R-2R 

0 to -30dB 


±0.5 

±0.5 

±0.5 

±0.5 

dB max 

ladder circuit. 

-31.5 to -42dB 


±0.75 

±0.75 

±1.0 

±0.8 

dB max 


MONOTONIC RANGE 








Nominal 1.5dB Steps 

L/C/U Grade 

Monotonic Over Full 

0 to -72 

0 to -72 

dB 

Digital Inputs 000000 to 110000 


K/B/T Grade 

Code Range 

0 to -66 

0 to -66 

dB 

Digital Inputs 000000 to 101100 

Nominal 3dB Steps 

All Grades 

| Monotonic Over Full Code Range J 




V|n INPUT RESISTANCE 

All Grades 

ni 


_____ 

9 

k£2 min 


(PIN 12) 

L/C/U Grade 




17 

kfi max 



K/B/T Grade 

mm 

■ 


21 

kfi max 


R F b INPUT RESISTANCE 

All Grades 

9.45 

9.45 

9.45 

9.45 

kf2 min 


(PIN 13) 

L/C/U Grade 

18 

18 

18 

18 

kfl max 



K/B/T Grade 

22 

22 

22 

22 

kf2 max 


DIGITAL INPUTS 








Input High Voltage Requirements Vjh 

3.0 

13.5 

3.0 


V min 


Input Low Voltage Requirements Vjl 

0.8 

1.5 

0.8 




Input Leakage Current 


±1 

±1 

±10 

±10 


Digital Inputs = Vdd 

POWER SUPPLY 








V D d f° r Specified Accuracy 


5 

- 

5 

- 

V min 




— 

15 

- 

15 

V max 


Idd 


0.5 

1 

1 

2 

mA max 

Digital Inputs = 0V or Vdd 
(S ee Figure 7) 


Specifications subject to change without notice. 

AC PERFORMANCE CHARACTERISTICS 

These characteristics are included for design guidance only and are not subject to test. 

Vdd - + 5V or + 15V, Vin — - 10V except where stated, Iout = AGND = DGND = 0V, output amplifier AD544 except where stated. 



| T A = +25°C | 

| Ta = T m i, , Tnax j 



PARAMETER 

Vdd - +5V 

V dd = +15V 

V DD = +5V 

V DD = +15V 

UNITS 


DC Supply Rejection, AGain/AVoD 

0.01 

0.005 

0.01 

0.005 

dB per % max 

AV D d = ± 10 %. 

Input code = 100000 

Propagation Delay 

1.8 

0.4 

2.2 

0.5 

juts max 

Full Scale Change 

Digital to Analog Glitch Impulse 

225 

1200 



nV secs typ 

Measured with ADLH0032CG 
as output amplifier for input 
code transition 100000 to 000000. 

Cl of Figure 1 is OpF. 

Output Capacitance (Pin 14) 

100 

100 

100 

100 

pF max 


Input Capacitance Pin 12 and Pin 13 

7 

7 

7 

7 

pF max 


Feedthrough at 1kHz L/C/U Grade 

-86 

-86 

-68 

-68 

dB max 

Feedthrough is also deter- 

K/B/T Grade 

-80 

-80 

-63 

-63 

dB max 

mined by circuit layout 

Total Harmonic Distortion 

-85 

-85 

-85 

-85 

dB typ 

Vin = 6 V rms 

Intermodulation Distortion 

-79 

-79 

-79 

-79 

dB typ 

nV/vHz max 

per DIN 45403 Blatt 4 

Output Noise Voltage Density 

70 

70 

70 

70 

Includes AD544 amplifier noise 

Digital Input Capacitance 

7 

7 

7 

7 

pF max 



Specifications subject to change without notice. 
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Applications Information— AD71 18 


ABSOLUTE MAXIMUM RATINGS* 

(T a = +25°C unless otherwise noted) 

V DD (toDGND) +17V 

V IN (to AGND) ±35V 

Digital Input Voltage to DGND -0.3V to V DD +0.3V 

I OUT to AGND -0.3V to V DD 

AGND to DGND 0 to V DD 

DGND to AGND 0 to V DD 

Power Dissipation (Any Package) 

To +75°C 450 mW 

Derates Above +75°C by 6mW/°C 


Operating Temperature Range 

Commercial (K, L Versions) 0 to +70°C 

Industrial (B, C Versions) -25°C to +85°C 

Extended (T, U Versions) -55°C to + 125°C 

Storage Temperature — 65°C to +150°C 

Lead Temperature (Soldering, 10 sec) +300°C 


♦Stresses above those listed under “Absolute Maximum Ratings may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periodsmay affect device 
reliability. 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 



TERMINOLOGY 

RESOLUTION: Nominal change in attenuation when moving 
between two adjacent binary codes. 

MONOTONICITY: The device is monotonic if the analog out- 
put decreases (or remains constant) as the digital code increases. 

FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when all digital inputs are high. See 
section on Applications. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
the Iout terminal with all digital inputs high. 

TOTAL HARMONIC DISTORTION: Is a measure of the har- 
monics introduced by the circuit when a pure sinusoid is ap- 
plied to the input. It is expressed as the harmonic energy 
divided by the fundamental energy at the output. 

ACCURACY: Is the difference (measured in dB) between the 
ideal transfer function as listed in Table 1 and the actual trans- 
fer function as measured with the device. 


OUTPUT CAPACITANCE: Capacitance from Iout to ground. 

DIGITAL-TO-ANALOG GLITCH IMPULSE: The amount 
of charge injected from the digital inputs to the analog output 
when the inputs change state. This is normally specified as the 
area of the glitch in either pA-Secs or nV-Secs depending upon 
whether the glitch is measured as a current or voltage signal. 
Digital charge injection is measured with Vi N = AGND. 

PROPAGATION DELAY: This is a measure of the internal 
delays of the circuit and is defined as the time from a digital 
input change to the analog output current reaching 90% of its 
final value. 

INTERMODULATION DISTORTION: Is a measure of the 
interaction w hich takes place within the circuit between two 
sinusoids applied simultaneously to the input. 

The reader is referred to Hewlett Packard Application Note 
192 for further information. 
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AD7118 


CIRCUIT DESCRIPTION 

GENERAL CIRCUIT INFORMATION 

The AD7118 consists of a 17-bit R-2R CMOS multiplying D/A 
converter with extensive digital input logic. The logic trans- 
lates the 6-bit binary input into a 17-bit word which is used 
to drive the D/A converter. Table I gives the nominal output 
voltages (and levels relative to OdB = 10V) for all possible in- 
put codes. The transfer function for the circuit of Figure 1 is 
given by : 

Vo = -V,N 10 exp - {i^-} 

or |^0-| - -1.5N 

V IN dB 

where N is the binary input for values 0 to 57. For 60<N<63 
the output is zero. See note 3 at bottom of Table 1. 



*Ci « 33pF TYPICAL 


Figure 1. Typical Circuit Configuration 
EQUIVALENT CIRCUIT ANALYSIS 

Figure 2 shows a simplified circuit of the D/A converter section 
of the AD7118 and Figure 3 gives an approximate equivalent 
circuit. 


The current source Ileakage ls composed of surface and 
junction leakages and as with most semiconductor devices, 
roughly doubles every 10° C— see Figure 10. The resistor Ro 
as shown in Figure 3 is the equivalent output resistance of the 
device which varies with input code (excluding all 0’s code) 
from 0.8R to 2R. R is typically 12k £2. Cqut * s t ^ ie capaci- 
tance due to the N channel switches and varies from about 
50pF to 80pF depending upon the digital input. For further 
information on CMOS multiplying D/A converters refer to 
“Application Guide to CMOS Multiplying D/A Converters” 
which is available from Analog Devices, Publication Number 
G479-15— 8/78. 


Vin R R R 


o— A/W-| 5 y-AAl 

£2R 2 2R « 2R 

4si i S2 VS3 

TIT lit lit 

Tl 

;2R 

1.06R 

i-AAA*—© RfB 

n Ti ;rirn 


i. r r 


SWITCH DRIVERS 


Figure 2. Simplified D/A Circuit of AD71 18 



g(V| N , N) IS THE THEVENIN EQUIVALENT VOLTAGE GENERATOR 
DUE TO THE INPUT VOLTAGE V|„, THE BINARY ATTENUATION 
FACTOR N AND THE TRANSFER FUNCTION OF THE R-2R LADDER. 

Figure 3. Equivalent Analog Output Circuit of AD71 18 


N 

Digital Input 

D5 DO 

Attenuation 

dB 

VoUT 1 

N 

Digital Input 

Attenuation 

VquT 1 

0 

00 00 00 

0.0 

10.00 

31 

01 11 11 

46.5 

0.0473 

1 

00 00 01 

1.5 

8.414 

32 

10 00 00 

48.0 

0.0398 

2 

00 00 10 

3.0 

7.079 

33 

10 00 01 

49.5 

0.0335 

3 

00 00 11 

4.5 

5.957 

34 

10 00 10 

51.0 

0.0282 

4 

00 01 00 

6.0 

5.012 

35 

10 00 11 

52.5 

0.0237 

5 

00 01 01 

7.5 

4.217 

36 

10 01 00 

54.0 

0.0200 

6 

00 01 10 

9.0 

3.548 

37 

10 01 01 

55.5 

0.0168 

7 

00 01 11 

10.5 

2.985 

38 

10 01 10 

57.0 

0.0141 

8 

00 10 00 

12.0 

2.512 

39 

10 01 11 

58.5 

0.0119 

9 

00 10 01 

13.5 

2.113 

40 

10 10 00 

60.0 

0.0100 

10 

00 10 10 

15.0 

1.778 

41 

10 10 01 

61.5 

0.00841 

11 

00 10 11 

16.5 

1.496 

42 

10 10 10 

63.0 

0.00708 

12 

00 11 00 

18.0 

1.259 

43 

10 10 11 

64.5 

0.00596 

13 

00 11 01 

19.5 

1.059 

44 

10 11 00 

66.0 

0.00501 

14 

00 11 10 

21.0 

0.891 

45 

10 11 01 

67.5 

0.00422 

15 

00 11 11 

22.5 

0.750 

46 

10 11 10 

69.0 

O.O0355 

16 

01 00 00 

24.0 

0.631 

47 

10 11 11 

70.5 

0.00299 

17 

01 00 01 

25.5 

0.531 

48 

11 00 00 

72.0 

0.00251 

18 

01 00 10 

27.0 

0.447 

49 

11 00 01 

73.5 

0.00211 

19 

01 00 11 

28.5 

0.376 

50 

11 00 10 

75.0 

0.00178 

20 

01 01 00 

30.0 

0.316 

51 

11 00 11 

76.5 

0.00150 

21 

01 01 01 

31.5 

0.266 

52 

11 01 00 

78.0 

0.00126 

22 

01 01 10 

33.0 

0.224 

53 

11 01 01 

79.5 

0.00106 

23 

01 01 11 

34.5 

0.188 

54 

11 01 10 

81.0 

0.000891 

24 

01 10 00 

36.0 

0.158 

55 

11 01 11 

82.5 

0.000750 

25 

01 10 01 

37.5 

0.133 

56 

11 10 00 

84.0 

0.000631 

26 

01 10 10 

39.0 

0.112 

57 

11 10 01 

85.5 

0.000531 

27 

01 10 11 

40.5 

0.0944 

58 

11 10 10 

87.0 

0.000447 

28 

29 

01 11 00 

01 11 01 

42.0 

43.5 

0.0794 

0.0668 

59 

11 10 11 

88.5 

0.000376 

30 

01 11 10 

45.0 

0.0562 

60 

11 11 XX 2 

OO 



NOTES 

1 Vjn = -10V dc 

a X = 1 or 0. Output is fully muted for N>60 
3 Monotonic operation is not guaranteed for N = 58, 59 

Table /. Ideal Attenuation vs. Input Code 


7-18 SPECIAL FUNCTION AUDIO PRODUCTS 


REV. A 



Applications Information— AD71 18 


DYNAMIC PERFORMANCE 

The dynamic performance of the AD7118 will depend upon 
the gain and phase characteristics of the output amplifier, 
together with the optimum choice of PC board layout and 
decoupling components. Figure 4 shows a printed circuit lay- 
out which minimizes feedthrough from Vjn to the output in 
multiplying applications. Circuit layout is most important if 
the optimum performance of the AD7118 is to be achieved. 
Most application problems stem from either poor layout, 
grounding errors, or inappropriate choice of amplifier. 


c^°” 



Figure 4. Suggested Layout for AD7 1 18 and Op Amp 


It is recommended that when using the AD7118 with a high 
speed amplifier, a capacitor Cl be connected in the feedback 
path as shown in Figure 1. This capacitor, which should be 
between 30pF and 50pF, compensates for the phase lag intro- 
duced by the output capacitance of the D/A converter. Figures 
5 and 6 show the performance of the AD7118 using the 
AD 5 17, a fully compensated high gain superbeta amplifier, 
and the AD544, a fast FET input amplifier. The performance 
without Cl is shown in the middle trace and the response with 
Cl in circuit is shown in the bottom trace. 


V DD =5V T a = +25°C CQDE 

111 111 
000 000 

Ci =0pF 

G| = 33pF 


Figure 5. Response of AD7 1 18 with AD517L 



Vnn ~ 5V T A = +25' C CODE 

DIGITAL 
INPUTS 


Vo 


V 0 


Figure 6. Response of AD71 18 with AD544S 

In conventional CMOS D/A converter design parasitic capaci- 
tance in the N-channel D/A converter switches can give rise to 
glitches on the D/A converter output. These glitches result 
from digital feedthrough. The AD 71 18 has been designed to 
minimize these glitches as much as possible. It is recommended 
that for minimum glitch energy the AD7118 be operated with 
Vdd - 5V. This will reduce the available energy for coupling 



across the parasitic capacitance. It should be noted that the 
accuracy of the AD7118 improves as Vdd is increased (see 
Figure 8) but the device maintains monotonic behavior to at 
least -66dB in the range 5 <Vd£) <15 volts. 

For operation beyond 250kHz, capacitor Cl may be reduced 
in value. This gives an increase in bandwidth at the expense of 
a poorer transient response as shown in Figures 6 and 11. In 
circuits where Cl is not included the high frequency roll-off 
point is primarily determined by the characteristics of the 
output amplifier and not the AD7118. 

Feedthrough and absolute accuracy for attenuation levels 
beyond 42dB are sensitive to output leakage current effects. 
For this reason it is recommended that the operating tempera- 
ture of the AD7118 be kept as close to 25 C as is practically 
possible, particularly where the device’s performance at high 
attenuation levels is important. A typical plot of leakage cur- 
rent vs. temperature is shown in Figure 10. 

Some solder fluxes and cleaning materials can form slightly 
conductive films which cause leakage effects between analog 
input and output. The user is cautioned to ensure that the 
manufacturing process for circuits using the AD71 18 does not 
allow such films to form. Otherwise the feedthrough, accuracy 
and maximum usable range will be affected. 

STATIC ACCURACY PERFORMANCE 
The D/A converter section of the AD7118 consists of a 17-bit 
R-2R type converter. To obtain optimum static performance 
at this level of resolution it is necessary to pay great attention 
to amplifier selection, circuit grounding, etc. 

Amplifier input bias current results in a dc offset at the output 
of the amplifier due to the current flowing through the feed- 
back resistor Rfb- It ** recommended that an amplifier with 
an input bias current of less than lOnA be used (e.g., AD517 
or AD544) to minimize this offset. 

Another error arises from the output amplifier’s input offset 
voltage. The amplifier is operated with a fixed feedback re- 
sistance, but the equivalent source impedance (the AD7118 
output impedance) varies as a function of attenuation level 
This has the effect of varying the “noise” gain of the amplifier, 
thus creating a varying error due to amplifier offset voltage. To 
achieve an output offset error less than one half the smallest 
step size, it is recommended that an amplifier with less 
than 50pV of input offset be used (such as the AD517 or 
AD OP-07). 

If dc accuracy is not critical in the application, it should be 
noted that amplifiers with offset voltage up to approximately 
2 millivolts can be used. Amplifiers with higher offset voltage 
may cause audible “thumps” due to dc output changes. 

The AD7118 accuracy is specified and tested using only the 
internal feedback resistor. It is not recommended that “gain” 
trim resistors be used with the AD7118 because the internal 
logic of the circuit executes a proprietary algorithm which 
approximates a logarithmic curve with a binary D/A converter: 
as a result no single point on the attenuator transfer function 
can be guaranteed to lie exactly on the theoretical curve. Any 
“gain-error” (i.e., mismatch of Rfb to the R-2R ladder) that 
may exist in the AD7118 D/A converter circuit results in a 
constant attenuation error over the whole range. Since the 
gain-error of CMOS multiplying D/A converters is normally 
less than 1%, the accuracy error contribution due to “gain- 
error” effects is normally less than 0.09dB. 
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Vth volts 


AD7118— Typical Performance Characteristics 



Figure 7. Digital Threshold & Power Supply Current vs Figure 10. Output Leakage Current vs Temperature at Vqq - 

Power Supply 5, lOand 15 Volts 



Figure 8. DC Attenuation Error vs. Attenuation Figure 1 1. Frequency Response with AD544 and A D5 17 

& Vqq Amplifiers 




Figure 9. DC Attenuation Error vs. Attenuation & Figure 12. Distortion vs. Frequency Using AD544 Amplifier 

Temperature 
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ANALOG 

DEVICES 


Matched Monolithic 
Quad Transistor 


MAT-04 


FEATURES 

• Low Offset Voltage 200|aV Max 

• High Current Gain 400 Min 

• Excellent Current Gain Match 2% Max 

• Low Noise Voltage at 1 00Hz, 1 m A 2.5n V/ Hz Max 

• Excellent Log Conformance rBE = 0.6 Q Max 


• Matching Guaranteed for All Transistors 

• Available in Die Form 


ORDERING INFORMATION f 


T A = +25°C 

v os max 

m 

PACKAGE 

OPERATING 

TEMPERATURE 

RANGE 

CERDIP 

14-PIN 

PLASTIC 

14-PIN 

200 

MAT04AY* 

— 

MIL 

200 

MAT04EY 

— 

IND 

400 

MAT04BY* 

— 

MIL 

400 

MAT04FY 

MAT04FP 

XIND 

400 

— 

MAT04FS ft 

XIND 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 

number. Consult factory for 883 data sheet, 
t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages, 
tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


GENERAL DESCRIPTION 

The MAT-04 is a quad monolithic NPN transistor that offers 
excellent parametric matching for precision amplifier and non- 
linear circuit applications. Performance characteristics of the 
MAT-04 include high gain (400 minimum) over a wide range of 
collector current, low noise (2.5nV/yRz maximum at 100Hz, 
l c = 1 mA) and excellent logarithmic conformance. The MAT-04 
also features a low offset voltage of 200pV and tight current gain 
matching, to within 2%. Each transistor of the MAT-04 is 
individually tested to data sheet specifications. For matching 
parameters (offset voltage, input offset current, and gain match), 
each of the dual transistor combinations are verified to meet 
stated limits. Device performance is guaranteed at 25°C and over 
the industrial and military temperature ranges. 

The long-term stability of matching parameters is guaranteed by 
the protection diodes across the base-emitter junction of each 
transistor. These diodes prevent degradation of beta and 
matching characteristics due to reverse bias base-emitter 
current. 

The superior logarithmic conformance and accurate matching 
characteristics of the MAT-04 makes it an excellent choice for 
use in log and antilog circuits. The MAT-04 is an ideal choice in 
applications where low noise and high gain are required. 


PIN CONNECTIONS 


Ci cH 

yj 

14l C„ 

14-PIN CERDIP 

B i d 


!K 

(Y-Suffix) 

Eid 

-x-J 

HU 4 

14-PIN PLASTIC DIP 

SUB [7 

e 2 d 

“Jh hs - 

Tf] SUB 

M e 3 

(P-Suffix) 

b 2 U 


Ub 3 

14-PIN SO 

c 2 d 

J L 

Hc 3 

(S-Suffix) 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Collector-Base Voltage (BV cbo ) 40V 

Collector-Emitter Voltage (BV CE0 ) 40V 

Collector-Collector Voltage (BV CC ) 40V 

Emitter-Emitter Voltage (BV EE ) 40V 

Collector Current 30mA 

Emitter Current 30mA 

Substrate (Pin-4 to Pin-1 1 ) Current 30mA 

Operating Temperature Range 


MAT-04AY, BY -55°C TO +125°C 

MAT-04EY -25°C TO +85°C 

MAT-04FY,FP,FS -40°C to +85°C 

Storage Temperature 

Y Package -65°C to +150°C 

P Package -65°Cto+125°C 

Lead Temperature (Soldering, 60 sec) +300°C 


PACKAGE TYPE 

© jA (Note 2) 

0 iC 

UNITS 

14-Pin CERDIP (Y) 

108 

16 

°c/w 

14-Pin Plastic DIP (P) 

83 

39 

°c/w 

14-Pin SO (S) 

120 

36 

°c/w 


NOTES: 

1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2. © jA is specified for worst case mounting conditions, i.e., ©j A is specified for device 
in socket for CerDIP and P-DIP packages; @ jA is specified for device soldered 
to printed circuit board for SO package. 
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MAT-04 


ELECTRICAL CHARACTERISTICS at T a = 25°C unless otherwise noted. Each transistor is individually tested. For matching 
parameters (Vos, los> AIi F e) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless other- 
wise noted. 





MAT-04A/E 

MAT-04B/F 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN TYP 

MAX 

MIN TYP 

MAX 

UNITS 

Current Gain 

h FE 

10|xA< l c < 1mA 

0V<V CB <30V 

(Notel) 

400 800 

- 

300 600 

- 


Current Gain 

Match 

Ah FE 

l c = 100^A 

0V<V CB <30V 
(Note 2) 

— 0.5 

2 

— 1 

4 

% 



10p,A< l c s 1mA 






Offset Voltage 

Vos 

0V<V cb < 30V 
(Note 4) 

— 50 

200 

— 100 

400 

M-V 

Offset Voltage 


10(xA < l c < 1 mA 






Change vs 

AV 0S /AI C 

sf 

II 

% 

— 5 

25 

— 10 

50 


Collector Current 


(Note 4) 






Offset Voltage 

Change vs V CB 

1 

1 

10(xA< l c < 1mA 
0 V<V cb < 30V 
(Note 4) 

— 50 

100 

— 100 

200 

fLV 



10(j.A < l c < 1 mA 






Bulk Emitter Resistance 

r BE 

V CB = 0V 
(Note 5) 

— 0.4 

0.6 

— 0.4 

0.6 

a 

Input Bias Current 

•b 

l c = 100|xA 

0V - V CB- 30V 

— 125 

250 

— 165 

330 

nA 

Input Offset Current 

•os 

l c = IOOjjlA 

V CB = 0V 

— 0.6 

5 

— 2 

13 

nA 

Breakdown Voltage 

bv ceo 

l c = 10|xA 

40 — 

— 

40 — 

— 

V 

Collector Saturation 

Voltage 

V CE(SAT) 

II 

II II 

_m _p 

— 0.03 

0.06 

— 0.03 

0.06 

V 

Collector-Base 

Leakage Current 

*CBO 

V CB = 40V 

— 5 

- 

— 5 

- 

pA 

Noise Voltage 

Density 

e n 

V CB = 0V f 0 = 10Hz 
l c = 1 mA f 0 = 100Hz 

— 2 

— 1.8 

3 

2.5 

— 2 

— 1.8 

4 

3 

nVA/Hz~ 


(Note 3) f 0 = 1 kHz 

— 1.8 

2.5 

— 1.8 

3 


Gain Bandwidth 

Product 

h 

l c = 1 mA 

V CE =10V 

— 300 

- 

— 300 

- 

MHz 

Output Capacitance 

C OBO 

V CB =15V l E = 0 
f = 1MHz 

— 10 

- 

— 10 

- 

PF 

Input Capacitance 

C EBO 

v BE = ov l c = 0 

f = 1 MHz 

— 40 

- 

— 40 

- 

PF 


NOTES: 

1 . Current gain measured at l c = 10|xA, IOOjxA and 1 mA. 

100 (AI B )(h FE min) 

2. Current gain match is defined as: Ah FE = 

•c 

3. Sample tested. 

4. Measured at l r = 10|xA and guaranteed by design over the specified range 
oflc. 

5. Guaranteed by design. 
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MAT-04 

ELECTRICAL CHARACTERISTICS at -25°C < T A < +85°C for MAT-04E, -40°C < T A < +85°C for MAT-04F, unless otherwise 
noted. Each transistor is individually tested. For matching parameters (V os , l QS ) each dual transistor combination is verified to meet 
stated limits. All tests made at endpoints unless otherwise noted. 

MAT-04E MAT-04F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 


Current Gain 


h F E 


Offset Voltage v os 


Average Offset 
Voltage Drift 


Input Bias Current l B 


Input Offset Current l os 


Average Offset 
Current Drift 


Breakdown Voltage BV CEO 

Collector-Base ( 

Leakage Current CBO 

Collector- Emitter ^ 

Leakage Current CES 

Collector-Substrate ( 

Leakage Current Cfa 


10|xA< l c < 1mA 
OV < V CB < 30 V 
(Note 1 ) 

10(xA< l c < 1mA 
0V < V CB < 30 V 
(Note 3) 

l c = IOOm-A 
V CB = 0V 
(Note 2) 

Iq = IOOjxA 
0V 55 V CB < 30 V 

l c = lOOptA 

v C b = ov 

l c = IOOm-A 

Vcb-OV 

l c - lOfxA 


225 625 — 200 500 


60 260 — 120 520 


0.2 


0.4 


2 


— 160 445 — 200 500 


4 


20 


50 


100 


40 


40 — — 


IxV 


txV/°C 


nA 


nA 


pA/°C 


V 


V cb = 40V 


0.5 


0.5 


nA 


Vce = 40V 


5 


5 


nA 


V CS = 40V 


0.7 


0.7 


nA 


ELECTRICAL CHARACTERISTICS at -55°C < T A < 125°C unless otherwise noted. Each transistor is individually tested. For 
matching parameters (V 0 s. los) ® ach dual transistor combination is verified to meet stated limits. All tests made at endpoints unless 
otherwise noted. 






MAT- 04 A 

MAT-04B 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP MAX 

MIN TYP MAX 

UNITS 



10(xA< l c < 1mA 





Current Gain 

h F E 

0V < V CB < 30V 
(Note 1 ) 

175 

475 — 

125 425 — 




10|xA< l c < 1mA 





Offset Voltage 

v os 

0V s V CB < 30V 
(Note 3) 


70 300 

— 140 600 


Average Offset 

Voltage Drift 

TCV os 

l c = IOO^lA 

v CB = ov 

(Note 2) 

- 

0.2 1 

— 0.4 2 

*iV/°C 

Input Bias Current 

*B 

l c = 100|xA 

0 V < V CB < 30V 

- 

210 570 

— 235 800 

nA 

Input Offset Current 

•os 

l c = IOOjjlA 

v CB = ov 

- 

6 30 

— 12 60 

nA 

Average Offset 

Current Drift 

TCIos 

l c = 100(xA 

v CB = ov 

- 

50 — 

— 100 — 

pA/°C 

Breakdown Voltage 

BVqeo 

l c = 10|xA 

40 

— - 

40 — — 

V 

Collector-Base 

Leakage Current 

■cBO 

V cb = 40V 

- 

5 — 

— 5 — 

nA 

Collector- Emitter 

Leakage Current 

*CES 

V ce = 40V 

~ 

100 — 

— 100 — 

nA 

Collector-Substrate 
Leakage Current 

■cs 

V CS = 40V 

- 

7 — 

— 7 — 

nA 


NOTES: 

1. Current gain measured at l c = 10p.A, 100p.Aand 1mA. 3. Measured at l c = 10|xA and guaranteed by design over the specified range 

2. Guaranteed by V os test (TCV 0S =s V os /T for V os « V BE ) T = 298°K for of l c . 

Ta = 25°C. 
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MAT-04 


DICE CHARACTERISTICS 


1. Q 1 COLLECTOR 

2. Q 1 BASE 

3. Q 1 EMITTER 

4. SUBSTRATE 

5. Q 2 EMITTER 

6. Q 2 BASE 

7. 0 2 COLLECTOR 

8. Q 3 COLLECTOR 

9. Q 3 BASE 

10. Q 3 EMITTER 

11. SUBSTRATE 

12. Q 4 EMITTER 

13. Q 4 BASE 

14. 0 4 COLLECTOR 

DIE SIZE 0.060 x 0.060 inch, 3600 sq. mils 
(1.52 x 1.52 mm, 2.31 sq. mm) 



WAFER TEST LIMITS at T A = +25°C unless otherwise noted. Each transistor is individually tested. For matching parameters (V os , 
l os , Ah FE ) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless otherwise noted. 





MAT-04N 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

Current Gain 

h FE 

l c = 100pA 

0V < V CB < 30V 

300 

MIN 

Current Gain Match 

Ah FE 

i c = ioo m a,v cb = ov 

4 

% MAX 



1 OpA < l c < 1 mA 



Offset Voltage 

< 

o 

0V < V CB < 30V 
(Note 1) 

400 

pV MAX 

Offset Voltage 


1 OpA < l c < 1 mA 



Change vs 


V CB = 0V 

50 

pV MAX 

Collector Current 


(Note 1) 



Offset Voltage 

Change us VCB 


1 OpA < l c < 1 mA 

0 V < V CB < 30V 
(Note 1) 

200 

pV MAX 



10pA<l c <1mA 



Bulk Emitter Resistance 

r BE 

V CB = 0V 

(Note 2) 

0.6 

Q MAX 

Collector Saturation 

Voltage 

V CE(SAT) 

l B = lOOpA 
l c = 1 mA 

0.06 

V MAX 

Input Bias Current 

*B 

l c = lOOpA 

0 V < V CB < 30V 

330 

nA MAX 

Input Offset Current 

*OS 

l c = 100pA 

V CB = 0V 

13 

nA MAX 

Breakdown Voltage 

bv ceo 

l c = 10pA 

40 

V MIN 


NOTE: 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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SATURATION VOLTAGE (VOLTS) V BE (0N) _ (VOLTS) CURRENT GAIN (h FE ) 


TYPICAL PERFORMANCE CHARACTERISTICS 


MAT-04 


CURRENT GAIN CURRENT GAIN GAIN BANDWIDTH vs 

vs COLLECTOR CURRENT vs TEMPERATURE COLLECTOR CURRENT 



COLLECTOR CURRENT (A) TEMPERATURE (“C) COLLECTOR CURRENT (A) 


SMALL SIGNAL INPUT SMALL SIGNAL OUTPUT 


BASE-EMITTER-ON-VOLTAGE RESISTANCE (h ie ) vs CONDUCTANCE vs 

vs COLLECTOR CURRENT COLLECTOR CURRENT COLLECTOR CURRENT 



COLLECTOR CURRENT (A) COLLECTOR CURRENT (A) COLLECTOR CURRENT (A) 


SATURATION VOLTAGE vs NOISE VOLTAGE DENSITY NOISE VOLTAGE DENSITY 

COLLECTOR CURRENT vs FREQUENCY vs COLLECTOR CURRENT 



100 Ml 1m 

10m 

100m 1 

10 100 Ik 

10k 

100k 

0 

3m 6m 9r 

COLLECTOR CURRENT (A) 



FREQUENCY (Hz) 




COLLECTOR CURRENT (A) 
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MAT-04 


TYPICAL PERFORMANCE CHARACTERISTICS Continued 


COLLECTOR-TO-BASE COLLECTOR-TO-SUBSTRATE 

TOTAL NOISE vs CAPACITANCE vs COLLECTOR- CAPACITANCE vs COLLECTOR- 

COLLECTOR CURRENT TO-BASE VOLTAGE TO- SUBSTRATE VOLTAGE 



in ion ioon im o 5 10 15 20 25 30 0 10 20 30 40 

COLLECTOR CURRENT (A) COLLECTOR-TO-BASE VOLTAGE (VOLTS) COLLECTOR-TO-SUBSTRATE VOLTAGE (VOLTS) 


APPLICATION NOTES 

It is recommended that one of the substrate pins (Pins 4 and 1 1 ) 
be tied to the most negative circuit potential to minimize coupling 
between devices. Pins 4 and 1 1 are internally connected. 

APPLICATIONS 
CURRENT SOURCES 

The MAT-04 can be used to implement a variety of high 
impedance current mirrors as shown in Figures 1 , 2, and 3. These 
current mirrors can be used as biasing elements and load devices 
for amplifier stages. 



FIGURE 1 : Unity Gain Current Mirror, i QUT = l REF 


The unity-gain current mirror of Figure 1 , using a MAT -04AY, has 
an accuracy of better than 1 % and an output impedance of over 
1 OOMQ at 1 OOpA. Figures 2 and 3 show modified current mirrors 
designed for a current gain of two , and one-half respectively. The 
accuracy of these mirrors is reduced from that of the unity-gain 
source due to base current errors but is still better than 2%. 




FIGURE 2: Current Mirror, l QUT = 2(1 REF ) 

Figure 4 is a temperature independent current sink that has an 
accuracy of better than 1 % over the military temperature range 
at an output current of 1 OOpA to 1 mA. The Schottky diode acts 
as a clamp to insure correct circuit start-up at power on. The 
resistors used in this circuit should be 1% metal-film type. 
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MAT-04 

FIGURE 4: Temperature Independent Current Sink, I 0 ut = 10V/ RH 

+1 

i 

5V 




2 


6 



6 

-15V 


NONLINEAR FUNCTIONS 

An application where precision matched -transistors are a power- 
ful tool is in the generation of nonlinear functions. These circuits 
are based on the transistor’s logarithmic property which takes the 
following idealized form: 



The MAT-04, with its excellent logarithmic conformance, main- 
tains this idealized function over many decades of collector cur- 
rent. This, in addition to the stringent parametric matching of the 
MAT-04, enables the implementation of extremely accurate log/ 
antilog circuits. 

The circuit of Figure 5 is a vector summer that adds and subtracts 
logged inputs to generate the following transfer function: 

V°UT=^j W A 2 + V b 2 


This circuit uses two MAT-04AYs and maintains an accuracy of 
better than 0.5% over an input range of lOmV to 10V. The layout 
of the MAT -04s reduces errors due to matching and temperature 
differences between the two precision quad matched -transistors. 

Op amps A1 and A2 translate the input voltages into logarithmic 
valued currents (l A and Ib in Figure 5) that flow through transistor 
Q 3 and Q 5 . The se curren ts are summed by transistor Q 4 
(lo = U + Ib = Vh 2 + I 2 2 ) which feeds the current-to-voltage 
converter consisting of op amp A3. To maintain accuracy, 1 % 
metal -film resistors should be used. 
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FIGURE 5: Vector Summer 



LOW NOISE, HIGH SPEED INSTRUMENTATION AMPLIFIER 

The circuit of Figure 6 is a very low noise, high speed amplifier, 
ideal for use in precision transducer and professional audio appli- 
cations. The performance of the amplifier is summarized in 
Table I. Figure 7 shows the input referred spot noise over the 
0- 25kHz bandwidth to be flat at 1 .2n V/ \/Hz. Figure 8 highlights 
the low 1/f noise corner at 2Hz. 

The circuit uses a high speed op amp, the OP-17, preceded by an 
input amplifier. This consists of a precision dual matched-transis- 
tor, the MAT- 02, and a feedback V-to-l converter, the MAT- 04. 
The arrangement of the MAT-04 is known as a “linearized cross 
quad” which performs the voltage-to-current conversion. The 
OP-17 acts as an overall nulling amplifier to complete the feed- 
back loop. Resistors R1 , R2, and R3, R4 form voltage dividers 
that attenuate the output voltage swing since the “cross quad” ar- 
rangement has a limited input range. Biasing for the input stage is 
set by zener diode Z1 . At low currents the effective zener voltage 
is about 3.3V due to the soft knee characteristic of the zener 
diode. This results in a bias current of 530|xA per side for the input 
stage. The gain of this amplifier with the values shown in Figure 6 is: 

Vqut _ 33000 
v in Rg 


TABLE I: Instrumentation Amplifier Characteristics 


Input Noise 

Voltage Density 

o o 

o o o 

II II II 

0 0 0 

1 .2nV/ \/Hz 
3.6nV/\/Hz 
30nV/\/Hz 


G = 500 

400kHz 

Bandwidth 

G = 100 

1MHz 


G = 10 

1.2MHz 

Slew Rate 


40V/(xS 

Common-Mode 

Rejection 

G = 1 000 

130dB 

Distortion 

G = 100 

f = 20Hz to 20kHz 

0.03% 

Settling Time 

G = 1000 

10|xS 

Power Consumption 


350mW 
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FIGURE 6: Low Noise, High Speed Instrumentation Amplifier 


Vqut _ 33000 
V,N Rg 


Rq = 33kS! GAIN = 1 
R g = 3.3k(2 GAIN = 10 
R g = 33011 GAIN = 100 
Rq = 3312 GAIN = 1000 



FIGURE 7: Spot Noise of the Instrumentation Amplifier from 
0-25kHz at a Gain of 1000 


■ 


FIGURE 8: Low Frequency Noise Spectrum Showing Low 2Hz 
Noise Corner. Gain = 1000. 


IgflllSS 

- 


NORMALIZED VERTICAL AXIS = 2.6nV/v/ Hz /DIVISION 
REFERENCED TO INPUT. 

HORIZONTAL AXIS = 0 TO 25kHz. 


o 


HORIZONTAL AXIS = OTOSHz 
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MAT-04 


FIGURE 9: Voltage-Controlled Attenuator 



VOLTAGE-CONTROLLED ATTENUATOR 

The voltage-controlled attenuator (VGA) of Figure 9, widely used 
in professional audio circles, can easily be implemented using a 
MAT-04. The excellent matching characteristics of the MAT-04 
enables the VCA to have a distortion level of under 0.03% over a 
wide range of control voltages. The VCA accepts a 3V RMS input 
and easily handles the full 20Hz-20kHz audio bandwidth as 
shown in Figure 10. Noise level for the VCA is more than IIOdB 
below maximum output. 

In the voltage-controlled attenuator, the input signal modulates 
the stage current of each differential pair. Op amps A2 and A3 in 
conjunction with transistors Q5 and Q6 form voltage -to -current 
converters that transform a single input voltage into differential 
currents which form the stage currents of each differential pair. 
The control voltage shifts the current between each side of the 
two differential pairs, regulating the signal level reaching the out- 
put stage which consists of op amp A1 . Figure 1 1 shows the in- 
crease in signal attenuation as the control voltage becomes more 
negative. 


The ideal transfer function for the voltage-controlled attenuator is: 
wv ” = 

Where k = Boltzmann constant 1 .38 x 10“ 23 J/°K 
T = temperature in °K 
q = electronic charge = 1.602 x 10“ 19 C 

From the transfer function it can be seen that the maximum gain 
of the circuit is 2 (6dB). 

To insure best performance, resistors R2 through R7 should be 
1% metal film resistors. Since capacitor C2 can see small 
amounts of reverse bias when the control voltage is positive, it 
may be prudent to use a nonpolarized tantalum capacitor. 
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FIGURE 10: Voltage-Controlled Attenuator, 
Attenuation vs Frequency 


MAT-04 


FIGURE 11 : Voltage -Control led Attenuator, 
Attenuation vs Control Voltage 




REV. C 
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ANALOG 

DEVICES 



Monolithic Peak Detector 
with Reset-and-Hold Mode 


PKD-01 


FEATURES 

• Monolithic Design for Reliability and Low Cost 


• High Slew Rate 0.5V//zs 

• Low Droop Rate 

T a = 25°C O.ImV/ms 

T a = 125°C lOmV/ms 

• Low Zero-Scale Error 4mV 


• Digitally Selected Hold and Reset Modes 

• Reset to Positive or Negative Voltage Levels 

• Logic Signals TTL and CMOS Compatible 

• Uncommitted Comparator on Chip 

• Available in Die Form 


ORDERING INFORMATION! 


25° C 

Vzs 

(mV) 

PACKAGE 

14-PIN DUAL-IN-LINE PACKAGE 

HERMETIC* PLASTIC 

OPERATING 

TEMPERATURE 

RANGE 

4 

PKD01AY* 

— 

MIL 

4 

PKD01EY 

— 

IND 

7 

PKD01FY 

— 

IND 

4 

— 

PKD01EP 

COM 

7 

— 

PKD01FP 

COM 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet, 
t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP. plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 

The PKD-01 tracks an analog input signal until a maximum 
amplitude is reached. The maximum value is then retained as 
a peak voltage on a hold capacitor. Being a monolithic circuit, 
the PKD-01 offers significant performance and package den- 
sity advantages over hybrid modules and discrete designs 
without sacrificing system versatility. The matching charac- 
teristics attained in a monolithic circuit provide inherent 
advantages when charge injection and droop rate error 
reduction are primary goals. 

Innovative design techniques maximize the advantages of 
monolithic technology. Transconductance (g m ) amplifiers 
were chosen over conventional voltage amplifier circuit 
building blocks. The “g m ” amplifiers simplify internal 
frequency compensation, minimize acquisition time and 
maximize circuit accuracy. Their outputs are easily switched 
by low glitch current steering circuits. The steered outputs 
are clamped to reduce charge injection errors upon entering 
the hold mode or exiting the reset mode. The inherently low 
zero-scale error is reduced further by active "Zener-Zap” 
trimming to optimize overall accuracy. 

The output buffer amplifier features an FET input stage to 
reduce droop rate error during lengthy peak hold periods. A 
bias current cancellation circuit minimizes droop error at 
high ambient temperatures. 


Through the DET control pin, new peaks may either be 
detected or ignored. Detected peaks are presented as posi- 
tive output levels. Positive or negative peaks may be detected 
without additional active circuits since amplifier A can oper- 
ate as an inverting or noninverting gain stage. 

An uncommitted comparator provides many application 
options. Status indication and logic shaping/shifting are typ- 
ical examples. 


PIN CONNECTIONS 


rst|~T 


TTJdet 


v+ [T 


IT] LOGIC GND 

14-PIN HERMETIC DIP 

OUTPUT [T 


17] COMP. OUT 

(Y-Suffix) 

CHfl~ 


Ti~| -IN C 


-IN Apr 


To"l +IN c 

EPOXY DIP 

+IN A [IT 


~9~1 -IN B 

(P-Suffix) 

v-Gl 


~8~) +IN B 



FUNCTIONAL DIAGRAM 



REV. A 
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ABSOLUTE MAXIMUM RATINGS (Note 1 ) 

Supply Voltage ±1 8V 

Input Voltage Equal to Supply Voltage 

Logic and Logic Ground 

Voltage Equal to Supply Voltage 

Output Short-Circuit Duration Indefinite 

Amplifier A or B Differential Input Voltage ±24 V 

Comparator Differential Input Voltage ±24V 

Comparator Output Voltage 

Equal to Positive Supply Voltage 

Hold Capacitor Short-Circuit Duration Indefinite 

Lead Temperature (Soldering, 60 sec) 300°C 

Storage Temperature Range 

PKD-01 AY, PKD-01 EY, PKD-01 FY -65°C to +150°C 

PKD-01 EP, PKD-01 FP -65°C to+125°C 


Operating Temperature Range 

PKD-01 AY.. -55°C to +125°C 

PKD-01 EY, PKD-01 FY -25°C to +85°C 

PKD-01 EP, PKD-01 FP 0°C to +70°C , 

Junction Temperature -65°C to +150°C 

PACKAGE TYPE 0 |A (Note 2) 0 |C UNITS 

14-Pin Hermetic DIP (Y) 99 12 e C/W 

14-Pin Plastic DIP (P) 76 33 °C/W 

NOTES: 


1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2. 0 jA is specified for worst case mounting conditions, i.e., 0 jA is specified for 
device in socket for CerDIP and P-DIP packages. 


ELECTRICAL CHARACTERISTICS at V s = ±15V, C H = lOOOpF, T A = 25°C 





PKD-01 A/E 


PKD-01 F 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

“fl m ” AMPLIFIERS A, B 

Zero-Scale Error 

Vzs 


- 

2 

4 

- 

3 

7 

mV 

Input Offset Voltage 

v os 


- 

2 

3 

- 

3 

6 

mV 

Input Bias Current 

•b 


- 

80 

150 

- 

80 

250 

nA 

Input Offset Current 

•os 


- 

20 

40 

- 

20 

75 

nA 

Voltage Gain 

A v 

r l = iokn, v 0 = ±iov 

18 

25 

- 

10 

25 

- 

V/mV 

Open-Loop 

Bandwidth 

BW 

Ay = 1 

- 

0.4 

- 

- 

0.4 

- 

MHz 

Common-Mode 

Rejection Ratio 

CMRR 

-10V < V CM <+10V 

80 

90 

- 

74 

90 

- 

dB 

Power Supply 

Rejection Ratio 

PSRR 

±9V < V s < ±18V 

86 

96 

- 

76 

96 

- 

dB 

Input Voltage Range 

Ycm. 

(Note 1 ) 

±10 

±11 

- 

±10 

±11 

- 

V 

Slew Rate 

SR 


- 

0.5 

- ' 

- 

0.5 

- 

V/ M s 

Feedthrough Error 


AV, n = 20V, DET = 1 , RST = 0, ( Note 1 ) 

66 

80 

- 

66 

80 

- 

dB 

Acquisition Time to 

0.1 % Accuracy 

taq 

20V Step, A vcl = +1 , ( Note 1 ) 

- 

41 

70 

- 

41 

70 

M s 

Acquisition Time to 
0.01% Accuracy 

*aq 

20V Step, A VCL = + 1 , ( Note 1 ) 

- 

45 

- 

- 

45 

- 

MS 

COMPARATOR 

Input Offset Voltage 

V 0S 


- 

0.5 

1.5 

- 

1 

3 

mV 

Input Bias Current 

*B 


- 

700 

1000 

- 

700 

1000 

nA 

Input Offset Current 

•os 


- 

75 

300 

- 

75 

300 

nA 

Voltage Gain 

A V 

2kfl Pull-up Resistor to 5V 

5 

7.5 

- 

3.5 

7.5 

- 

V/mV 

Common-Mode 

Rejection Ratio 

CMRR 

-10V < V CM <+10V 

82 

106 

- 

82 

106 

- 

dB 

Power Supply 

Rejection Ratio 

PSRR 

±9V < V s < ±18V 

76 

90 

- 

76 

90 

- 

dB 

Input Voltage Range 

V C M 

(Note 1 )" 

±11.5 

±12.5 

- 

±11.5 

±12.5 

- 

V 


NOTES: 

1. Guaranteed by design. 

2. Due to limited production test times, the droop current corresponds to 
junction temperature (Tp. The droop current vs. time (after power-on) 
curve clarifies this point. Since most devices ( in use ) are on for more than 
1 second, PMI specifies droop rate for ambient temperature (T A ) also. The 


warmed-up (T A ) droop current specification is correlated to the junction 
temperature (Tp value. PMI has a droop current cancellation circuit which 
minimizes droop current at high temperature. Ambient (T A ) temperature 
spec ifications are not subject to production testing. 

3. DET = 1, RST = 0. 
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ELECTRICAL CHARACTERISTICS at V S = ±15V, C H = 

lOOOpF, T A = 25‘ 

3 C. (Continued) 








PKD-01 A/E 


PKD-01 F 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP i 

MAX 

UNITS 

Low Output Voltage 

V 0 L 

l S)NK < 5mA, Logic GND = 0 V 

-0.2 

0.15 

0.4 

-0.2 

0.15 

0.4 

V 

“OFF" Output 

Leakage Current 

■ L 

V 0UT = 5V 

- 

25 

80 

- 

25 

80 

mA 

Output Short- 




12 






Circuit Current 

•sc 

V OU t = 5V 

7 

45 

7 

12 

45 

mA 


Response Time 


5mV Overdrive, (Note 3) 


150 



150 


ns 



2kO Pull-up Resistor to 5V 





DIGITAL INPUTS-RST, DET (See Note 3) 

Logic “1" Input Voltage 

V H 


2 

- 

- 

2 

- 

- 

V 

Logic “0” Input Voltage 

V L 


- 

- 

0.8 

- 

- 

0.8 

V 

Logic “1" Input Current 

*INH 

V H = 3.5V 

- 

0.02 

1 

- 

0.02 

1 

MA 

Logic “0" Input Current 

•iNL 

V L = 0.4V 

- 

1.6 

10 

- 

1.6 

10 

mA 

MISCELLANEOUS 


Droop Rate 


T: = 25° C, „ 

_ 

0.01 

0.07 


0.01 

0.1 



V DR 

T* = 25° C ' SeeNo,e2 > 

- 

0.02 

0.15 

- 

0.03 

0.20 

mV/m s 

Output Voltage Swing: 
Amplifier C 

0. 

o 

> 

DET = 1 

R L =2.5k 

±11.5 

±12.5 

- 

±11 

±12 

- 

V 

Short-Circuit Current: 




15 

40 


15 



Amplifier C 

•sc 


7 

7 

40 

mA 

Switch Aperture Time 

t a p 


- 

75 

- 

- 

75 

- 

ns 

Switch Switching Time 

ts 


- 

50 

- 

- 

50 

- 

ns 

Slew Rate: Amplifier C 

SR 

R l = 2.5k 

- 

2.5 

- 

- 

2.5 

- 

V//us 

Power Supply Current 

•SY 

No Load 

- 

5 

7 

- 

6 

9 

mA 


ELECTRICAL CHARACTERISTICS at V g = ±15V, C H = lOOOpF, -55°C sT A s +125°C for PKD-01AY, -25°C s T & +85°C for 
PKD-01 EY, PKD-01 FY and 0°C sT A s +70°C for PKD-01 EP, PKD-01 FP. 





PKD-01 A/E 


PKD-01 F 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

“g m ” AMPLIFIERS A, B 

Zero-Scale Error 

v zs 


- 

4 

7 

- 

6 

12 

mV 

Input Offset Voltage 

v os 


- 

3 

6 

- 

5 

10 

mV 

Average Input 

Offset Drift 

TCV os 

i Note 1 1 

- 

-9 

-24 

- 

-9 

-24 

mV/°C 

Input Bias Current 

■b 


- 

160 

250 

- 

160 

500 

nA 

Input Offset Current 

■os 


- 

30 

100 

- 

30 

150 

nA 

Voltage Gain 

A v 

R L = 10kn, V o = ±10V 

7.5 

9 

- 

5 

9 

- 

V/mV 

Common-Mode 

Rejection Ratio 

CMRR 

-10V<V CM < + 10V 

74 

82 

- 

72 

80 

- 

dB 

Power Supply 

Rejection Ratio 

PSRR 

±9V< V S <±18V 

80 

90 

- 

70 

90 

- 

dB 

Input Voltage Range 

V C M 

i Note 1 1 

±10 

±11 

- 

±10 

±11 

- 

V 

Slew Rate 

SR 


- 

0.4 

- 

- 

0.4 

- 

V / fxS 

Acquisition Time to 

0.1% Accuracy 

*aq 

20V Step, A vcl = + 1 , i Note 1 

- 

60 

- 

- 

60 

- 

fiS 

COMPARATOR 

Input Offset Voltage 

Vos 


- 

2 

2.5 

- 

2 

5 

mV 

Average Input 

Offset Drift 

TCV 0S 

■ Note 1 

- 

-4 

-6 

- 

-4 

-6 

mV/°C 

Input Bias Current 

■b 


- 

1000 

2000 

- 

1100 

2000 

nA 


REV. A 
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ELECTRICAL CHARACTERISTICS at V s = ±15V, C H = lOOOpF, -55°C s T A s +125”C for PKD-01 AY, -25°C * T A s +85°C for 
PKD-01 EY, PKD-01 FY and 0°C sT >s +70°C for PKD-01 EP, PKD-01 FP. Continued 





PKD-01 A/E 


PKD-01 F 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP MAX 

UNITS 

Input Offset Current 

•os 


- 

100 

600 

- 

100 

600 

nA 

Voltage Gain 

A v 

2kH Pull-up Resistor to 5V 

4 

6.5 

- 

2.5 

6.5 

- 

V/mV 

Common-Mode 

Rejection Ratio 

CMRR 

-10V<V CM <+10V 

80 

100 

- 

80 

92 

- 

dB 

Power Supply 

Rejection Ratio 

PSRR 

±9V<V S ^±18V 

72 

82 

- 

72 

86 

- 

dB 

Input Voltage Range 

V CM 

(Note 1) 

±11 

- 

- 

±11 

- 

- 

V 

Low Output Voltage 

Vql 

l S)NK < 5mA, Logic GND = 0V 

-0.2 

0.15 

0.4 

-0.2 

0.15 

0.4 

V 

"OFF” Output 

Leakage Current 

'l 

V OUT “ 5V 

- 

25 

100 

- 

100 

180 

mA 

Output Short- 
Circuit Current 

'sc 

V 0U t = 5V 

6 

10 

45 

6 

10 

45 

mA 

Response Time 

ts 

5mV Overdrive, 

2kft Pull-up Resistor to 5V 

- 

200 

- 

- 

200 

- 

ns 

DIGITAL INPUTS-RST, DET (See Note 3) 

Logic “1” Input Voltage 

V H 


2 

- 

- 

2 

- 

- 

V 

Logic “0” Input Voltage 

V L 


- 

- 

0.8 

- 

- 

0.8 

V 

Logic “1” Input Current 

'iNH 

V H = 3.5V 

- 

0.02 

1 

- 

0.02 

1 

mA 

Logic “0” Input Current 

'iNL 

V L = 0.4V 

- 

2.5 

15 

- 

2.5 

15 

mA 

MISCELLANEOUS 

Droop Rate 

V DR 

Tj = Max. Operating Temp 

T a = Max. Operating Temp. 

DET = 1, (Note 2) 

- 

1.2 

2.4 

10 

20 

- 

3 

6 

15 

20 

mV/ms 

Output Voltage Swing: 
Amplifier C 

V 0 P 

R l = 2.5k 

±11 

±12 

- 

±10.5 

±12 

- 

V 

Short-Circuit Current: 
Amplifier C 

•sc 


6 

12 

40 

6 

12 

40 

mA 

Switch Aperture Time 

l ap 


- 

75 

- 

- 

75 

- 

ns 

Slew Rate: Amplifier C 

SR 

R l = 2.5k 

- 

2 

- 

- 

2 

- 

V/ M s 

Power Supply Current 

'SY 

No Load 

- 

5.5 

8 

- 

6.5 

10 

mA 


NOTES: 

1. Guaranteed by design. 

2. Due to limited production test times, the droop current corresponds to 
junction temperature (Tp. The droop current vs. time (after power-on) 
curve clarifies this point. Since most devices (in use) are on for more than 
1 second, PMI specifies droop rate for ambient temperature (T A ) also. The 
warmed-up (T A ) droop current specification is correlated to the junction 
temperature (Tp value. PMI has a droop current cancellation circuit which 
minimizes droop current at high temperature. Ambient (T A ) temperature 
spec ifications are not subject to production testing. 

3. DET = 1, RST = 0. 
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DICE CHARACTERISTICS 



WAFER TEST LIMITS at V s = ± 15V, C H = lOOOpF, T A = 25° C. 





PKD-01 N 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

“g m ” AMPLIFIERS A, B 

Zero-Scale Error 

Vzs 


7 

mV MAX 

Input Offset Voltage 

v os 


6 

mV MAX 

input Bias Current 

*B 


250 

nA MAX 

Input Offset Current 

'os 


75 

nA MAX 

Voltage Gain 

A v 

r l = iokn, v G = ±iov 

10 

V/mV MIN ■■ 

Common-Mode 

Rejection Ratio 

CMRR 

-10V < V CM <+10V 

74 

dB MIN HI 

Power Supply 

Rejection Ratio 

PSRR 

±9V< V S <±18V 

76 

dB MIN 

Input Voltage Range 

2 

o 

> 

(Note 1) 

±11.5 

V MIN 

Feedthrough Error 


AV tN = 20V, DET = 1, RST 

= 0, (Note 1 ) 66 

dB MIN 

COMPARATOR 

Input Offset Voltage 

Vos 


3 

mV MAX 

Input Bias Current 

'b 


1000 

nA MAX 

Input Offset Current 

'os 


300 

nA MAX 

Voltage Gain 

A v 

2kn Pull-up Resistor to 5V, (Note 1 ) 3.5 

V/m V MIN 

Common-Mode 

Rejection Ratio 

CMRR 

-10V<V CM <+10V 

82 

dB MIN 

Power Supply 

Rejection Ratio 

PSRR 

±9V< V S <±18V 

76 

dB MIN 

Input Voltage Range 

V C M 

(Note 1) 

±11.5 

V MIN 

Low Output Voltage 

Vql 

'sink - 5mA , Logic GND - 

■<f CM 

o o 

t 

> 

in 

V MAX 

V MIN 

“OFF" Output 

Leakage Current 

'l 

V 0U t = 5V 

80 

/*A MAX 

Output Short- 


V 0U t = 5V 

45 

mA MAX 

Circuit Current 

'sc 

7 

mA MIN 

NOTES: 





1 . Guaranteed by design. 



warmed-up (T A ) droop current specification is correlated to the junction 

2. Due to limited production test times, the droop current corresponds to 

temperature (Tj) value. PMI has a droop current cancellation circuit which 

junction temperature (Tj). 

The droop current vs. time (after power-on) 

minimizes droop current at high temperature. Ambient (T A ) temperature 

curve clarifies this point. Since most devices ( in use) 

are on for more than 

specifications are not subject to production testing. 


1 second, PMI specifies droop rate for ambient temperature (T A ) also. The 

3. DET = 1, RST = 0. 


REV. A 
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WAFER TEST LIMITS at V s 

= ±15V, C H = 

1000pF, T a = 25° C. (Continued) 



PARAMETER 

SYMBOL 

CONDITIONS 

PKD-01 N 

LIMIT 

UNITS 

DIGITAL INPUT8-R8T, DET ( See Note 3 ) 

Logic "1" Input Voltage 

v H 


2 

V MIN 

Logic “0" Input Voltage 

V L 


0.8 

V MAX 

Logic “1” Input Current 

*INH 

V H = 3.5V 

1 

m a max 

Logic “0” Input Current 

•iNL 

V L = 0.4 V 

10 

mAMAX 

MISCELLANEOUS 

Droop Rate 

V DR 

t. = 25° C 

li-M-C (SeeNt>,e2 ’ 

0.1 

0.20 

mV/ms MAX 
mV/ms MAX 

Output Voltage Swing: 

Amplifier C 

V OP 

R L = 2.5k 

±11 

V MIN 

Short-Circuit Current: 

Amplifier C 

•sc 


40 

7 

mA MAX 

mA MIN 

Power Supply Current 

•SY 

No Load 

9 

mA MAX 

NOTES: 1 second, PMI specifies droop rate for ambient temperature iT a ) also. The 

1. Guaranteed by design. warmed-up (T A ) droop current specification is correlated to the junction 

2. Due to limited production test times, the droop current corresponds to temperature (Tj) value. PMI has a droop current cancellation circuit which 

junction temperature (Tp. The droop current vs. time (after power-on) minimizes droop current at high temperatures. Ambient (T A ) temperature 

curve clarifies this point. Since most devices (in use) are on for more than specifications are not subject to production testing. 

3. DET=1,RST = 0. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V s = ±15V, C H = 1000pF, and T A = 

25° C, unless otherwise noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

PKD-01 N 

TYPICAL 

UNITS 

“fl m ” AMPLIFIERS A, B 

Slew Rate 

SR 


0.5 

V/ M s 

Acquisition Time 

t a 

0.1% Accuracy, 20V step, A VCL = 1, (Note 1) 

41 

MS 

Acquisition Time 

ta 

0.01% Accuracy, 20V step, A VCL = 1, (Note 1 ) 

45 

MS 

COMPARATOR 

Response Time 


5mV Overdrive, 

2kn Pull-up Resistor to +5V 

150 

ns 

MISCELLANEOUS 

Switch Aperature Time 



75 

ns 

Switching Time 

*S 


50 

ns 

Buffer Slew Rate 

SR 

R L = 2.5kn 

2.5 

V/jis 
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INPUT NOISE VOLTAGE (nVA/FTz) 


TYPICAL PERFORMANCE CHARACTERISTICS 


PKD-01 


A AND B INPUT RANGE 
vs SUPPLY VOLTAGE 



-18 


46 9 12 15 18 

SUPPLY VOLTAGE +V AND -V (VOLTS) 


A AND B AMPLIFIERS OFFSET 
VOLTAGE vs TEMPERATURE 



TEMPERATURE (°C) 


A, B Iqs vs TEMPERATURE 



TEMPERATURE (°C) 


AMPLIFIER B CHARGE INJECTION 

INPUT SPOT NOISE WIDEBAND NOISE ERROR vs INPUT VOLTAGE 

vs FREQUENCY vs BANDWIDTH AND TEMPERATURE 



1 10 100 Ik 0.1 1 10 100 1000 

FREQUENCY (Hz) BANDWIDTH (kHz) 


AMPLIFIER A CHARGE INJECTION 
ERROR vs INPUT VOLTAGE 
AND TEMPERATURE 



OUTPUT VOLTAGE SWING vs 
SUPPLY VOLTAGE (DUAL 
SUPPLY OPERATION) 



_ 18 1 1 1 1 1 =j 

46 9 12 15 18 

SUPPLY VOLTAGE +V AND -V (VOLTS) 
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OUTPUT VOLTAGE (5V/DIV.) 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE vs 
LOAD RESISTANCE 



1.0 0.1 10.0 
LOAD RESISTOR TO GROUND (k il) 


OUTPUT ERROR vs 
FREQUENCY AND 
INPUT VOLTAGE 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


PKD-01 SETTLING RESPONSE 



LARGE-SIGNAL 
NONINVERTING RESPONSE 



TIME (20/us/DIV.) 


PKD-01 SETTLING RESPONSE 



ESI 

Haa 


/ / EH!T1 : 

* / '■ gmnTOgga : 

‘ nZEBu 
dulQI j j 




SETTLING TIME FOR -10V 
TO 0V STEP INPUT 



LARGE-SIGNAL 
INVERTING RESPONSE 



TIME (20 M s/DIV.) 


SETTLING TIME FOR +10V 
TO 0V STEP INPUT 


l 


....... . j 

I" : rammia 

\ 

R±. 

; T-..1 i 

□ 


ri mm 


TIME (20jus/DIV.) 
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DROOP RATE (mV/*ec). C H = lOOOpF 


PKD-Q1 



TYPICAL PERFORMANCE CHARACTERISTICS 


SMALL-SIGNAL OPEN LOOP 
GAIN/PHASE vs FREQUENCY 



FREQUENCY (Hz) 


CHANNEL TO CHANNEL 
ISOLATION vs FREQUENCY 



FREQUENCY (Hz) 



ACQUISITION TIME vs EXTERNAL 

DROOP RATE vs TIME AFTER HOLD CAPACITOR AND 

POWER ON ACQUISITION STEP 



TIME AFTER POWER APPLIED (MINUTES) HOLD CAPACITANCE (pF) 


ACQUISITION TIME vs INPUT 
VOLTAGE STEP SIZE 



o I I I 1 ■ .— I 

0 5 10 15 20 

INPUT STEP (VOLTS) 


DROOP RATE ACQUISITION OF 

vs TEMPERATURE ACQUISITION OF STEP INPUT SINEWAVE PEAK 



-100 -50 0 +50 +100 +150 

TEMPERATURE (°C) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


COMPARATOR OUTPUT COMPARATOR OUTPUT 

Response time response time 

(2kft PULL-UP RESISTOR, T A = +25° C) (2kH PULL-UP RESISTOR, T A = +25° C) 



INPUT LOGIC RANGE vs 
SUPPLY VOLTAGE 



4 6 9 12 15 18 

SUPPLY VOLTAGE +V AND -V (VOLTS) 


INPUT RANGE OF LOGIC 
GROUND vs SUPPLY VOLTAGE 



SUPPLY VOLTAGE +V AND -V (VOLTS) 


LOGIC INPUT CURRENT vs 
LOGIC INPUT VOLTAGE 





H 

-OGIC 

— «► 





n 

T 

1 

_ — 55°C 

1 

_ +25° C 











s 





LO 

GIC 0 

LOC 

1C GRC 



>UND = 

= OV 

L_ 


-2 -1 0 1 2 3 4 5 

LOGIC INPUT VOLTAGE (VOLTS) 


SUPPLY CURRENT vs 
SUPPLY VOLTAGE 


< 

£ 



0 3 6 9 12 15 18 

SUPPLY +V AND -V (VOLTS) 



HOLD MODE POWER SUPPLY 
REJECTION vs FREQUENCY 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 
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OUTPUT VOLTAGE (VOLTS) COMPARATOR l B (nA) INPUT B)AS CURRENT (juA) (EITHER INPUT) 


TYPICAL PERFORMANCE CHARACTERISTICS 


PKD-01 


COMPARATOR INPUT BIAS 
CURRENT vs DIFFERENTIAL 
INPUT VOLTAGE 


COMPARATOR OFFSET VOLTAGE 
vs TEMPERATURE 


COMPARATOR Iqs 
vs TEMPERATURE 


v s = 
Ta = 

— 

+ 15V 
+25°C 

ir 

M 

T 

ylPUT CL 
UST BE 
O LESS 

l 






■ 

n 



r 


m 


OTH 
INPU 
AT - 

-10V 

OT 

INI 

AT 


■ 





OTHER 

INPUT 

AT +10V 

1 


-15 -10 -5 0 +5 +10 +15 




-75 -50 -25 0 25 50 75 100 125 150 


INPUT VOLTAGE (VOLTS) 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


COMPARATOR l B 
vs TEMPERATURE 


OUTPUT SWING OF 
COMPARATOR vs 
SUPPLY VOLTAGE 


COMPARATOR RESPONSE 
TIME vs TEMPERATURE 



-75 -50 -25 0 25 50 75 100 125 150 


TEMPERATURE (°C) 



4 6 9 12 15 18 


SUPPLY VOLTAGE +V AND -V (VOLTS) 



-50 0 50 100 150 200 250 300 

TIME (ns) 


COMPARATOR TRANSFER 
CHARACTERISTIC 


COMPARATOR OUTPUT VOLTAGE 
vs OUTPUT CURRENT AND 
TEMPERATURE 


COMPARATOR RESPONSE 
TIME vs TEMPERATURE 
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THEORY OF OPERATION 

The typical peak detector uses voltage amplifiers and a diode 
or an emitter follower to charge the hold capacitor, C H , 
unidirectionally (Figure 1 ). The output impedance of A plus 
D! ’s dynamic impedance, r d , make up the resistance which 
determines the feedback loop pole. The dynamic impedance 
kT 

is r d =-iLL. I d is the capacitor charging current, 
q'd 

The pole moves toward the origin of the S plane as l d goes to 
zero. The pole movement in itself will not significantly 
lengthen the acquisition time since the pole is enclosed in the 
system feedback loop. 

When the moving pole is considered with the typical fre- 
quency compensation of voltage amplifiers there is however, 
a loop stability problem. The necessary compensation can 
increase the required acquisition time. PMI’s approach 
replaces the input voltage amplifier with a transconductance 
amplifier; Figure 2. 

The PKD-01 transfer function can be reduced to: 


v out 


V,N 



1 

9m R OUT 


1 + 


sC H 

9m 


Where: g m » 1/uA/mV, Rout “ 20MH. 

The diode in series with A’s output (Figure 2) has no effect 
because it is a resistance in series with a current source. In 
addition to simplifying the system compensation, the input 
transconductance amplifier output current is switched by 
current steering. The steered output is clamped to reduce 
and match any charge injection. 

Fig. 3 shows a simplified schematic of the reset “g m ” ampli- 
fier, B. In the track mode, Q-i & Q 4 are ON and Q 2 & Q3 are 
OFF. A current of 21 passes through D 1( I is summed at “B” 
and passes through Q 1f and is summed with g m V| N . The 
current sink can absorb only 31, thus, the current passing 
through D 2 can only be: 2K -g m V| N . The net current into the 
hold capacitor node then, is 9m v iN(CH-2l-(2l-g m V| N ). The 
hold mode, Q 2 & Q 3 are ON while Q-| & Q 4 are OFF. The net 
current into the top of Di is -I until D 3 turns ON. With Q ^ OFF, 
the bottom of D 2 is pulled up with a current I until D 4 turns 
ON, thus Dt & D 2 are reverse biased by ~0.6V and charge 
injection is independent of input level. 

The monolithic layout results in points A and B having equal 
nodal capacitance. In addition, matched diodes D-i and D 2 
have equal diffusion capacitance. When the transconduc- 
tance amplifier outputs are switched open, points A and B are 
ramped equally but in opposite phase. Diode clamps D 3 and 
D 4 cause the swings to have equal amplitudes. The net 
charge injection (voltage change) at node C is therefore zero. 

The peak transconductance amplifier, A, is shown in Figure 
4. Unidirectional hold capacitor charging requires diode D-i 
to be connected in series with the output. Upon entering the 
peak hold mode D -1 is reverse biased. The voltage clamp 
limits charge injection to approximately IpC and the hold 
step to 0.6mV. 

Minimizing acquisition time dictated a small Ch capacitance. 
A lOOOpF value was selected. Droop rate was also minimized 


by providing the output buffer with an FET input stage. A 
current cancellation circuit further reduces droop current 
and minimizes the gate current’s tendency to double for 
every 10° C temperature change. 



Figure 1. Conventional Voltage Amplifier Peak Detector 



Figure 2. Transconductance Amplifier Peak Detector 




Figure 4. Peak Detecting Transconductance Amplifier with 
Switched Output 
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APPLICATIONS INFORMATION 
OPTIONAL OFFSET VOLTAGE ADJUSTMENT 

Offset voltage is the primary zero scale error component 
since a variable voltage clamp limits voltage excursions at 
D^s anode and reduces charge injection. The PKD-01 circuit 
gain and operational mode (positive or negative peak 
detection) determine the applicable null circuit. Figures A 
through D are suggested circuits. Each circuit corrects 
amplifier C offset voltage error also. 

A. NULLING GATED OUTPUT g m AMPLIFIER A. Diode D, 
must be conducting to close the feedback circuit during 


amplifier A Vqs adjustment. Resistor network Ra~ Rq cause 
D-\ to conduct slightly. With DET = 0 and V|n= OV monitor the 
PKD-01 output. Adjust the null potentiometer until Vqut- OV. 
After adjustment, disconnect Rcfrom Ch- 

B. NULLING GATED g m AMPLIFIER B. Set amplifier B signal 
input to V| N = OV and monitor the PKD-01 output. Set DET = 1 , 
RST = 1 and adjust the null potentiometer for Vout= OV. The 
circuit gain — inverting or noninverting — will determine 
which null circuit illustrated in Figures A through D is 
applicable. 



Detector 



Figure D. V os Null Circuit for Positive Peak Detector With 



Figure C. V 0 s Null Circuit for Negative Peak Detector 


Gain 
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PEAK HOLD CAPACITOR RECOMMENDATIONS 

The hold capacitor (Ch) serves as the peak memory element 
and compensating capacitor. Stable operation requires a 
minimum value of lOOOpF. Larger capacitors may be used to 
lower droop rate errors, but acquisition time will increase. 

Zero scale error is internally trimmed for Ch = lOOOpF. Other 
Ch values will cause a zero scale shift which can be approxi- 
mated with the following equation. 

AV zs (mV) = 1 x 103( P C) -0.6mV 
C H (nF) 

The peak hold capacitor should have very high insulation 
resistance and low dielectric absorption. For temperatures 
below 85° C, a polystyrene capacitor is recommended, while 
a Teflon capacitor is recommended for high temperature 
environments. 

CAPACITOR GUARDING AND GROUND LAYOUT 

Ground planes are recommended to minimize ground path 
resistance. Separate analog and digital grounds should be 
used. The two ground systems are tied together only at the 
common system ground. This avoids digital currents return- 
ing to the system ground through the analog ground path. 

The Ch terminal (Pin 4) is a high-impedance point. To 
minimize gain errors and maintain the PKD-01 ’s inherently 
low droop rate, guarding Pin 4 as shown in Figure 2 is 
recommended. 



Figure 2. Ch terminal (Pin 4) guarding. See text. 


COMPARATOR 

The comparator output high level (V 0 h) is set by external 
resistors. It’s possible to optimize noise immunity while inter- 
facing to all standard logic families — TTL, DTL, and CMOS. 
Figure 1 shows the comparator output with external level 
setting resistors. Table I gives typical R-i and R 2 values for 
common circuit conditions. 

The maximum comparator high output voltage (V 0 h) should 
be limited to: 

VoH(maximum) < V+-2.0V 


With the comparator in the low state (Vql). the output stage 
will be required to sink a current approximately equal to 

V c /Ri- 



Table I. 


Vc 

i 

o 

> 

Ri 

R 2 

5 

3.5 

2.7K 

6.2K 

5 

5.0 

2.7K 

00 

15 

3.5 

4.7K 

1.5K 

15 

5.0 

4.7K 

2.4K 

15 

7.5 

7.5K 

7.5K 

15 

10.0 

7.5K 

15K 



PEAK DETECTOR LOGIC CONTROL (RST, DET) 

The transconductance amplifier outpu ts are controlled by 
the digital logic signals RST and DET. The PKD-01 opera- 
tional mode is selected by steering the current (I ^ through 
Q 1 and Q 2 , thus providing high-speed switching and a pre- 
dictable logic threshold. The logic threshold voltage is 1.4 
volts when digital ground is at zero volts. 

Other threshold voltages ( Vj H ) may be selected by applying 
the formula: 

Vth ** 1.4V + Digital Ground Potential. 

For proper operation, digital ground must always be at least 
3.5V below the posi tive s upply and 2.5V above the negative 
supply. The RST or DET signal must always be at least 2.8V 
above the negative supply. 

Operating the digital ground at other than zero volts does 
influence the comparator output low voltage. The V 0 |_ level is 
referenced to digital ground and will follow any changes in 
digital ground potential: 

V OL *» 0.2V + Digital Ground Potential. 
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NEGATIVE PEAK DETECTOR WITH GAIN 



UNITY GAIN NEGATIVE PEAK DETECTOR 



ALTERNATE GAIN CONFIGURATION 


r 2 



IF BOTH INPUT SIGNAL (AMPLIFIER A INPUT) AND THE RESET 
VOLTAGE (AMPLIFIER B INPUT HAVE THE SAME POSITIVE VOLT- 
AGE GAIN THE GAIN CAN BE SET BY A SINGLE VOLTAGE DIVIDER 
FOR BOTH INPUT AMPLIFIERS. 


NOTE: 

R1, R2, R3 AND R4>5kSi 
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PEAK-TO-PEAK DETECTOR 


PKD-01 




POSITIVE PEAK DETECTOR WITH SELECTABLE RESET VOLTAGE 




NOTES: 

RESET VOLTAGE = -1.0V 
TRACE 1 = 2V/DIV. 
TRACE 2 = 5V/DIV. 
TRACE 3 = 2V/DIV. 
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ANALOG 

DEVICES 


Voltage-Controlled 

Amplifier 


SSM-2013 


FEATURES 

• 0.01%THDTyp 

• 0.03% IMD Typ 

• 800kHz Unity-Gain Bandwidth 

• 12dB Headroom (at Rating) 

• 40dB Gain Capability 

• 106dB Dynamic Range (17.5 Bits) 

• Full Class A Performance 

• Mute and Exponential Controls 

APPLICATIONS 

• Compressor/Limiters 

• Noise Gates 

• Automatic Gain Control 

• Noise Reduction Systems 

• Telephone Line Interfaces 


outputs, the SSM-201 3 is ideal when logarithmic control of gain 
is needed. The output current gain or attenuation is controlled 
by applying a control voltage to the EXPO pin 9. The amplifier 
offers wide bandwidth, easy signal summing and minimum ex- 
ternal component count. 

The SSM-201 3 can operate with more than 1 2dB of headroom 
at the rated specifications or be configured for gains as high as 
40dB. Inherently low control feedthrough and 2nd harmonic 
distortion make trimming unnecessary for most applications. An 
extremely wide control range of 1 10dB regulated by a flexible 
antilogarithmic control port make this VCA a versatile analog 
building block. With 800kHz bandwidth and 94dB S/N ratio at 
0.01 % THD, the SSM-201 3 provides a useful solution for a vari- 
ety of signal conditioning needs in applications ranging from 
professional audio to analog instrumentation, process controls 
and more. 


ORDERING INFORMATION 


PACKAGE 

OPERATING 

PLASTIC 

TEMPERATURE 

14-PIN 

RANGE 

SSM2013P 

-10°C to +55°C 


GENERAL DESCRIPTION 

The SSM-2013 is a high-performance monolithic Class A Volt- 
age Controlled Amplifier. Operating with current mode inputs and 


PIN CONNECTIONS 


GND |T • 
+REF IT 
BAL Gj[ 
OUT |T 
GND [T 
-REF (T 

v-Cl 


T±| v+ 

m SIG IN 
iU MUTE CAP 
m COMP 
jo] MUTE 
T] EXPO 
T| SUB 


SIMPLIFIED SCHEMATIC 


v+ 



14-PIN 

PLASTIC DIP 
(P-Suffix) 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 36V or ±1 8V 

Junction Temperature +150°C 

Operating Temperature Range -10°C to +55°C 

Storage Temperature Range -65°C to +150°C 

Maximum Current into any Pin 1 0mA 

Lead Temperature Range (Soldering 60 sec) 300°C 


PACKAGE TYPE 

©j A (NOTE 1) 

®JC 

UNITS 

14-Pin Plastic DIP (P) 

90 

47 

°c/w 


NOTE: 


1 . 0 jA is specified for worst case mounting conditions, i.e., @. A is specified for device 
in socket for P-DIP package. 


ELECTRICAL CHARACTERISTICS at V s = ±15V and T A = 25°C, unless otherwise noted. 





SSM-2013 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Positive Supply Voltage 


+12 

+15 

+18 


Negative Supply Voltage (Note 1 ) 


-7.9 

-8.5 

-90 


Positive Supply Current 


5.4 

8.7 

10.4 

mA 

Negative Supply Current 


6.0 

8.7 

11.0 

Negative Supply Bias Resistor 


675 

900 

1170 

Q 

(Pin 7 to Pin 8) 



Expo Input Bias 

V 0 = GND (Note 2) 

- 

1.0 

3.2 

pA 

Expo Control Sensitivity 

at Pin 9 

- 

-10 

- 

mV/dB 

Mute Off (Logic Low) 


0.0 

- 

1.0 

V 

Mute On (Logic High) 


3.0 

5 

15 

V 

Mute Attenuation 

(@ 1 kHz, V p)N 10 = +5V) 

- 

-90 

- 

dB 

Current Gain 

V e = GND 

0.90 

1.0 

1.1 


Current Output Offset 

V 0 = GND 

-7.5 

0 

+7.5 

pA 

Output Leakage 

V 0 = +600mV 

-50 

0 

+50 

nA 

Max Available Output Current 

V 0 = GND, 15k (pin 3 to -V) 

±1.2 

- 

- 

mA 

Current Bandwidth (3dB) 

V 0 = GND 

- 

800 

- 

kHz 

Signal Feedthrough 

V 0 = +1.2V 

- 

-90 

- 

dB 

Signal to Noise (20Hz - 20kHz) 

(Notes 3, 4) 

V 0 = GND, No Signal 

92.5 

-94 

- 

dB 

THD (Untrimmed) 

(Note 4) 

v e = GND, !|n = 600pA p p 

- 

0.01 

0.06 

% 

THD (Trimmed) 

V 0 = GND, l |N = 600pA p p 

- 

0.004 

- 

% 

IMD (Untrimmed) SMPTE 
(Note 4) 

v e - GND, l )N = 600pA p p 

- 

0.03 

0.12 

% 

IMD (Trimmed) SMPTE 

V 0 * GND, !|n * 600pA p p 

- 

0.012 

- 

% 


NOTES: 

1. Measured at pin 8, pin 7= -15V. 

2. V 0 is voltage on pin 9 (V EXpo ) . 

3. Referred to a 400pA pp input level. 

4. Parameter is sample tested to max limit (0.4% AQL). 
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FIGURE 1 : Typical Connection 


THEORY OF OPERATION 

The SSM-201 3 is a current input/current output device. It is es- 
sentially a current mode amplifier where the output current/input 
current transfer function is controlled by a control voltage applied 
at the EXPO pin (9). Current mode operation allows easy ad- 
aptation to various voltage ranges at the input, output and con- 
trol port. As configured, it offers large attenuation plus moderate 
gain capability. 

CHOOSING R |N 

Most applications use the typical connection of Figure 1 . In this 
configuration, The SSM-201 3 will accomodate input currents up 
to 1.2mA without significant distortion or clipping. To set the 
maximum operating currentto 1 .2mA, select R |N to equal Vpeak I 
1.2mA. 

As an example: For a 7Vp-p nominal signal level (±3.5V), select 
R, n = 1 2kQ. Here, l |N operating is: 3.5V/1 2k = 300|iA, which yields 
12dB headroom from 1.2mA. In some applications such as 
broadcast equipment, 16 - 24dB headroom may be required. 

Selecting ±300pA nominal operating current yields 1 2dB head- 
room. Figure 2 shows the IMD/THD (Intermodulation and Total 
Harmonic Distortion) characteristics of the SSM-2013 at this 
300pA or 600pA peak-to-peak operating level. 

Operation at higher input currents will increase distortion effects 
whereas operation at lower currents will improve distortion but 
decrease the S/N ratio. For example, operation with 20dB 
headroom versus 1 2dB will improve the relative effects of IMD/ 
THD shown in Figure 2 by 2.5 times. For 20dB headroom, use 
±1 20pA nominal operating input current. At this level, the sig- 
nal-to-noise ratio will be 86dB. 

The SSM-201 3 is capable of 40dB gain and as much as -95dB 
attenuation. Gain or attenuation levels are set by the EXPO 



1kHz (BANDWIDTH 20kHz) 

(600nA p-p CONSTANT OUTPUT LEVEL) OdB TO +40dB 
(600|iA p-p CONSTANT INPUT LEVEL) OdB TO -40dB 


FIGURE 2: 

control pin as described in the next section. Figure 2 shows how 
IMD/THD performance degrades with current gain and attenu- 
ation. Note also that distortion in the SSM-201 3 is nearly all 2nd 
harmonic. From a sonic standpoint, this is much less objection- 
able than other types of distortion. 

For best performance, choose C |N and R, N for a cutoff frequency 
below the audio band. C |N will block DC offsets from previous 
stages. 

OUTPUT SECTION 

When establishing circuit gain or attenuation, it is important to 
consider the tradeoffs between gain/attenuation for the SSM- 
201 3 versus the gain of the output amplifier/current to voltage 
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converter. Operating the SSM-201 3 with current gain above 20 
or 30dB increases distortion as shown in Figure 2. Gain in the 
output amplifier amplifies the VGA noise. This will directly in- 
crease the equivalent VCA noise floor by the amplifier gain. A 
compromise within these constraints will determine the best 
tradeoff between SSM-201 3 current gain and the amplifier gain . 
Figure 3 shows how output noise increases as current gain 
increases. 

CONTROL PIN EXPO 

The control port EXPO (pin 9) is a high impedance input with an 
exponential control sensitivity of-1dB/1 OmV or-1 OmV/dB. The 
overall control range is +40dB to -95dB. This pin is easily adapt- 
able to any control voltage range by selecting the R 1 and R 2 di- 



vider appropriately. Note the negative control relationship where 
positive voltages at pin 9 result in signal attenuation whereas 
negative voltages yield gain. The control pin is accurate to within 
±1 .5dB over a ±36dB range. 

The transfer characteristics for the control pin is shown in Figure 
4. Note the dotted line showing an optional improvement in gain 
accuracy. To achieve this improved transfer characteristic, refer 
to the circuit of Figure 5. As the recommended circuit for control 
summing applications, this technique offers a significant im- 
provement in linearity over a wider control voltage range. 

The control port sensitivity has a -33Q0ppm/°C temperature 
coefficient. To compensate for this drift, use a +3300ppm/°C 
tempsistor* in place of R 1 shown in Figure 1 . 

MUTING FUNCTION 

The mute circuit turns the device on or off independent of the 
control pin EXPO. Muting is activated when the MUTE (pin 1 0) is 
raised above 3.0V and is compatible up to 1 5 V. Muting is off when 
MUTE is below 1.0V. 



FIGURE 4: Circuit Gain/Attenuation vs. V EXpQ 



FIGURE 5: Control Summer with Improved Linearity over 
Wider Control Range 


A selectable MUTE CAP connected between pin 1 2 and ground 
determines the controlled turn on/turn off rate. The recommended 
1 jiF mute cap and internal 1 0kO impedance gives a 1 0ms time 
constant. This transition timing is considered quick without being 
too abrupt or "poppy." 

To disable the muting function, simply ground pin 1 0. 

APPLICATIONS INFORMATION 
OUTPUT AMPLIFIER 

Note the importance of including C OUT in parallel with R 0UT to 
ensure stability under all signal and output loading conditions. A 
corner frequency of 300kHz for the R 0UT , C OUT combination is 
sufficient, but a lower frequency may also be chosen to limit noise 
output the audio band. This, however will result in a slower 
transient response. 


* RCD Components, Inc. Part Number LP1/4, 3301 Bedford Street, Manchester, NH U.S.A., (603) 669-0054, Telex 943512 
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CONTROL FEEDTHROUGH TRIMMING 

Control feedthrough is defined as the portion of the control sig- 
nal fed to the output in the absence of an input signal. A single 
shunt resistor across pins 2 and 6 will reduce both control 
feedthrough and noise (see Figure 6). Values from 3.3kQ to 5.4kQ 
offer an improvement in control feedthrough from 20dB to 1 0dB, 
respectively. 



COMPENSATION 

To compensate, connect a 50pF capacitor from pin 1 1 (COMP) 
to GND as shown in the typical connection. 

ON-BOARD REFERENCE 

An on-chip zener diode helps establish the -8V available at the 
SUB output (pin 8). This is a general purpose reference that can 
be used to introduce DC offsets. 



This trim will tradeoff an increase in TFID by roughly 3 to 5 times. 
TFID increases slightly more using a lower resistor value. With 
3.3k£2, the worst case is about 0.4% over gain and attenuation. 
By comparison, THD ranges from 0.05% to 0.1 % with no shunt 
resistor. 

TRIMMING DISTORTION 

The SSM-2013 has very good distortion, offset and control 
feedthrough at unity current gain. For applications requiring over 
10dB to 20dB gain, trimming allows the best overall distortion 
versus gain. 

Distortion Trim Procedure for High Gain Applications: 

1 . Apply voltage at pin 9 corresponding to maximum current gain. 

2. Set input level so output is just below clipping. 

3. Adjust trimming per Figure 7 until distortion is at a minimum. 


BREADBOARDING THE SSM-2013 

A typical connection identical to Figure 1 and redrawn for bread- 
boarding purposes is shown in Figure 8. 

MEASURING NOISE 

When measuring audio noise in the SSM-201 3, bandwidth should 
be limited to 20kFlz to 30kFlz. This is due to the presence of 
broadband noise which is caused by a zero at 600kFlz. The zero 
results from the 5000pF-47Q network at the input. Beyond 30kHz, 
the noise floor increases at approximately 6dB per octave from 
45kHz to 600kHz where it rolls off. 


5000pF 



FIGURE 8: Typical Connection for Breadboarding 
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7-56 SPECIAL FUNCTION AUDIO PRODUCTS 



□ ANALOG 
DEVICES 


SSM-2014* 


Voltage-Controlled 

Amplifier/OVCE 


FEATURES 


DESCRIPTION 


• Wide Dynamic Range 116dB (Class AB) 

104dB (Class A) 

• 12MHz Effective Gain-Bandwidth Product 

• lOOdB Open-Loop Gain 

• 0.01% THD Class A (Any Gain/Signal) <§> = 10dBV |N/OUT 

• Minimum External Component Count 

• No Trimming in Many Applications 

• Low Cost 

Not recommended for new designs; replace with SSM-201 8. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 36Vor±18V 

Junction Temperature +150°C 

Operating Temperature Range -10°C to +55°C 

Storage Temperature Range -65°C to +150°C 

Maximum Current Into Any Pin 10mA 

Lead Temperature Range (Soldering, 60 sec) +300°C 


ORDERING INFORMATION 


PACKAGE 

OPERATING 

PLASTIC 

TEMPERATURE 

16-PIN 

RANGE 

SSM2014P 

-10°C to +55°C 

PIN CONNECTIONS 


♦CUR^ U 

• ^ 

HK-g 


♦VccU 


m BAL 


-cur g [T 


m v g 

16-PIN 

-cur^ DC 


Tf] GND 

PLASTIC DIP 

comp i QF 


m A/AB 

(P-Suffix) 

+IN |jF 


hk 

-IN (T 


H-V EE 


COMP 2 QF 


T] COMP 3 



The SSM-201 4 is an extremely flexible VCA building block that 
rivals the best monolithic VCAs while approaching the perform- 
ance of modular devices. This versatile device acts as a VCA or 
OVCE (Operational Voltage-Controlled Element) and has inputs 
and outputs that can operate either in the current or voltage 
domain. To optimize performance at different signal levels, the 
SSM-201 4 features programmable Class A or Class AB opera- 
tion. This feature, along with the many configurations possible 
for operation make the SSM-2014 a unique and powerful signal 
processing tool. The device can be configured as a VCA or VCP 
(Voltage-Controlled Panner) and can replace a standard VCA 
and two or more operational amplifiers. Operation as a standard 
VCA provides up to 50dB gain and excellent specifications at 
any signal level. 

The SSM-201 4 is not recommended for new designs or pur- 
chases - the SSM-201 8 is a pin-compatible upgrade at a 
lower cost. 


BLOCK DIAGRAM 



* Protected by U.S. Patents: 4,471 ,320 and 4, 560, 947. Other Patents pending. Mask work protected under the Semiconductor Chip Protection Act of 1983. 
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SSM-2014 

ELECTRICAL CHARACTERISTICS at V s = ±15V and T A = ±25°C, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

SSM-2014 

TYP 

MAX 

UNITS 

INPUT AMPLIFIER 

Bias Current 


- 

100 

300 

nA 

Input Offset Current 


- 

15 

30 

nA 

Input Offset Voltage 


- 

0.5 

2 

mV 

Input Impedance 


0.5 

1 

- 

MQ 

Equivalent Input Noise 

@ 1kHz 

- 

18 

- 

nV/vTlz 

Common-Mode Range 


- 

+13,-13 

- 

V 

Open-Loop Gain 


75 

100 

- 

V/mV 

Effective Gain BW Product 

VCA Configuration 

- 

12 

- 

MHz 


VCP Configuration 


.5 



Slew Rate 

VCA Configuration 

” 

6 

- 

V/ps 

Supply Current - Positive 


- 

7.5 

9 

mA 

Supply Current - Negative 


- 

10 

12 

mA 

OUTPUT AMPLIFIERS 

Offset Voltage 


- 

10 

20 

mV 

Minimum Load Resistor 

For Full Output Swing 

10 

9 

- 

kft 

Output Voltage Swing 


- 

±13.5 

- 

V 

Noise Residual 

20kHz Bandwidth 

- 

8 

- 

MV 

CONTROL PORT 

Bias Current 


- 

150 

300 

nA 

Input Impedance 


- 

1 

- 

MQ 

Gain Constant 

Ratio of Outputs 

- 

-30 

- 

mV/dB 

Gain Constant 






Temperature Coefficient 



-3300 

" 

ppm/°C 

Gain Linearity 


- 

0.5 

- 

% 

Control Feedthrough (Trimmed) 

Class A 

1 00Hz Sine Wave Applied 


2 



Class AB 

to Control Port Causing 


0.5 


mV 


-30dB to +20dB of Gain 





Intermediate 



1 

_ 


Control Feedthrough (Untrimmed) 

Class A 

100Hz Sine Wave Applied 


25 

75 


Class AB (Note 1) 

to Control Port Causing 


5 

15 

mV 


-30dB to +20dB of Gain 





Intermediate (Note 1 ) 



15 

45 


Off Isolation 

@ 1kHz 

100 

105 

- 

dB 

Channel Specifications 






Noise - Class A (Note 2) 

R piNi2 = 33kQ - 20kHz BW 

- 

-85 

-81 

dBV 

Noise - Class AB (Note 2) 

R pin 12 = 330k a 2 °kHz BW 

- 

-95 

-92 

dBV 

Noise - Intermediate (Note 2) 

R piM2 = 43ka - 20kHz BW 

- 

-88 

-85 

dBV 

THD - A @ A v = OdB (Note 3) 

R PIN12 = 33kii 

- 

0.005 

0.02 

% 

THD - A <§> A v = ±20dB (Note 3) 

R PIN 12 ~ 33k ^ 

- 

0.02 

0.04 

% 

THD - AB @ A v = OdB (Note 3) 

R PIN12 =:330kQ 

- 

0.02 

0.05 

% 

THD - AB @ A v = ±20dB (Note 3) 

R PIN12 = 330kQ 

- 

0.06 

0.12 

% 

THD - Intermediate @ A y = OdB (Note 3) 

R PIN12 = 43kQ 

- 

0.01 

0.03 

% 

THD - Intermediate <§> A y = ±20dB (Note 3) 

R PIN12 = 43k£i 

- 

0.03 

0.06 

% 


NOTES: 

1. Symmetry trim only. 

2. Parameter sample lot tested to maximum limits 

3. V |N and/or V QUT = +1 OdBV. Specifications may be subject to change without 
notice. 
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□ ANALOG 
DEVICES 


Low Noise Microphone 
Preamplifier 


SSM-2015 


FEATURES 

• Ultra Low Voltage Noise 1 .3n V/vTlz 

• Wide Bandwidth 700kHz @ G = 100 

• High Slew Rate 8V/ps 

• Very Low Harmonic Distortion 0.007% @ G = 100 

• Excellent CMR lOOdB 


• True Differential "Instrumentation" Type Inputs 

• Programmable Input Stage Optimizes e n vs R, N 

• Low Cost 


ORDERING INFORMATION 



OPERATING TEMPERATURE 


RANGE 

SSM-201 5P 

-1 0°C to +55°C 

Storage Temperature 

-55°C to+125°C 


GENERAL DESCRIPTION 


The SSM-2015 is an ultra-low noise audio preamplifier particu- 
larly suited to microphone preamplification. Gains from 1 0 to over 
2000 can be selected with wide bandwidth and low distortion over 
the full gain range. 

The very low voltage noise performance ( 1 .3n V/vlHz) of the SSM- 
201 5 is enhanced by a programmable input stage which allows 
overall noise to be optimized for source impedances of up to 4kQ. 

The SSM-2015'struedifferentiai inputs with highcommon-mode 
rejection provide easy interfacing to flotation transducers such 
as balanced microphone outputs, as well as single ended 
devices. 


The SSM-201 5 also offers high slew rate of about 8V/ps and full 
DC coupling without any crossover distortion. 

This device is packaged in a 14-pin epoxy DIP and is guaran- 
teed over the operating temperature range of -1 0°C to +55°C. 


PIN CONNECTION 


COMP 1 [T 


TT] BIAS 

N.C.IZ 


m +NULL 

OUT EE 

-v [T 


!;’ R N 14-PIN EPOXY DIP 

+v EE 


jo]-r° (P-Suffix) 

COMP 2 EE 


T| -IN 

COMP 3 \T 


1] -NULL 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ±18V 

Operating Temperature Range -1 0°C to +55°C 

Junction Temperature +150C 

Storage Temperature -55°C to +1 25°C 

Lead Temperature Range (Soldering, 60 sec) +300°C 


PACKAGE TYPE 

©j A (Note 1 ) 

e ic 

UNITS 

14-Pin Plastic DIP (P) 

76 

33 

°c/w 


NOTE: 

1 . © jA is specified for worst case mounting conditions, i.e., 0 jA is specified for device 
in socket for P-DIP package. 


BLOCK DIAGRAM 


+v 
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ELECTRICAL CHARACTERISTICS at V s = ±15V, T A = 25°C, R B1AS = 33kft, unless otherwise noted. 

SSM-2015 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 



v out = 7V RMS, R L =10kQ 







G = 1 000 
f = 1kHz 

_ 

0.007 

0.01 




f = 1 0kft 

- 

0.015 

0.02 


Total Harmonic Distortion 

THD 

G = 100 





(Note 1 ) 

f = = 1kHz 

- 

0.007 

0.01 

° 



f= 10kHz 

G = 10 

~ 

0.007 

0.01 




f= 1kHz 

- 

0.01 

0.015 




f= 10kHz 

- 

0.01 

0.015 




Inputs Shorted to GND 
20kHz Bandwidth 







R b ,as = 33KQ 







G = 1000 

- 

0.2 

0.3 


Input Referred 


G = 100 

- 

0.3 

0.5 


Voltage Noise 

E n 

G = 10 

- 

1.1 

1.7 

pV RMS 

(Note 1 ) 


R B ,As = 150kQ 







G = 1000 

- 

0.28 

0.45 




G * 100 

- 

0.41 

0.65 




G- 10 

- 

1.1 

1.7 




20kHz Bandwidth 





Input Current Noise 
(Note 1 ) 

l n 

r bias = 33kfl 

R B ,As = 68ka 

~ 

250 

200 

380 

300 

pARMS 


R B,As=150kQ 

- 

130 

200 




R 1 = R 2 = 10kQ 







G = 1 000 

- 

0.1 

0.3 


Error From Gain Equation 

AG 

G = 100 

- 

0.1 

0.3 

dB 



G = 10 

- 

0.2 

0.8 




R 1 =R 2 = 10kQ 







G = 1 000 

- 

0.25 

2 


Input Offset Voltage 

v os 

G = 100 

- 

0.3 

7 

mV 


G = 10 

- 

3 

70 




V CM = 0V 





Input Bias Current 

*B 

r bias = 33k ^ 

R B, A s=150k^ 

- 

4.5 

1 

15 

4 

pA 



V CM = 0V 





Input Offset Current 

’os 

r b «as = 33 ^ 

R bias ” 1 30kQ 

: 

0.5 

0.15 

2.5 

0.7 

pA 



R 1 = R 2 = lOkfi 





Common-Mode 

CMRR 

G = 1000 

G = 100 

90 

70 

100 

95 

- 

dB 

Rejection Ratio 

G = 10 

60 

75 

- 

Power Supply 

Rejection Ratio 

PSRR 

V s = ±12to ±17V 

- 

100 

- 

dB 

Common-Mode 

CMVR 


±4 

±5.5 



Voltage Range 


- 

V 

Common-Mode 




50 


Mfl 

Input Impedance 

r incm 




Differential-Mode 


G = 1000 

- 

0.5 

- 

MQ 

Input Impedance 

r .n 

G = 100 

G = 10 

- 

5 

20 

_ 

Output Voltage Swing 

v o 

R l = 2kO 

±10.5 

±12.5 

- 

V 

Output Current 

1 

Source 

15 

25 

- 

mA 

(Note 2) 

'out 

Sink 

8 

14 

- 



G = 1000 

- 

150 

- 


-3dB Bandwidth 

GBW 

G = 100 

- 

700 

- 

kHz 



G = 10 

- 

1000 

- 


Slew Rate 

SR 


- 

8 

- 

V/ps 

Supply Current 

'sy 


8 

12 

16 

mA 

NOTES: 



Specifications subject to change; consult latest data sheet. 



1 . Parameter is sample tested to maximum limits. 

2. Output is protected from short circuits to ground or either supply. 
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FIGURE 1: Typical Application 


APPLICATIONS INFORMATION 
PRINCIPLE OF OPERATION 

Figure 1 shows a typical application for the SSM-2015. This 
device operates as a true differential amplifier with feedback 
returned directly to the emitters of the input stage transistors by 
R r This system produces both optimum noise and common- 
mode rejection while retaining a very high input impedance at 
both input terminals. An internal feedback loop maintains the input 
stage current at a value controlled by an external resistor (R BIAS ) 
from pin 1 4 to V-. This provides a programmability function which 
allows noise to be optimized for source impedances of up to 4kO. 

GAIN SETTING 

The nominal gain of the SSM-201 5 is given by: 
q ~ Ri + R 2 + Ri + R 2 + i 
Rg 8 kO 
or 

G + 3.5 ForRi, R 2 = 10 k £2 

Rg 

R 1 and R 2 should be equal to 1 OkO for best results (see Figure 
1 ). It is vital that good quality resistors be used in the gain setting 
network, since low quality types (notably carbon composition) 
can generate significant amounts of distortion and, under some 
conditions, low frequency noise. The SSM-201 5 will function at 
gains down to 3.5, but the best performance is obtained at gains 
above 1 0. Table 1 gives R Q values for most commonly used gains. 


TABLE 1 : R Q Values for Commonly Used Gains 


GAIN 

r g 

ERROR 

10 

3kO 

+0.1 4dB 

50 

4300 

+0.002dB 

100 

2000 

+0.3dB 

500 

390 

+0.28dB 

1000 

200 

+0.03dB 



FREQUENCY COMPENSATION 

Referring to Figure 1 , C 3 (50pF) provides compensation for the 
input stage current regulator, while C 1 and C 2 compensate the 
overall amplifier. The latter two depend on the value of R B|AS 
chosen. Table 2 shows the recommended values for C 1 and C 2 
at various R B|AS levels. These values are valid for all gain set- 
tings. 


TABLE 2: Recommended Compensation Values 

R bias 

Cl 

C 2 

27kO - 47kO 

15pF 

15pF 

47kO - 68 kO 

15pF 

lOpF 

68 kO - 1 50kO 

30pF 

5pF 
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The SSM-2015 has a bandwidth of at least 70kHz under worst 
case conditions (G = 1000, R B1AS = 150kQ) and considerably 
greater at higher set currents and lower gains. This excellent 
performance is supplemented by a highly symmetric slew rate 
for optimum large signal audio performance. The SSM-2015 
provides stable operation with load capacitances of up to 1 50pF; 
larger capacitances should be decoupled with a 1 00Q resistor in 
series with the output (R 1 in Figure 1 should remain connected 
to pin 3). 



SOURCE RESISTANCE (Q) 


NOISE 

The programmability of the SSM-201 5 provides close to optimum 
performance for source impedances of up to 4kQ, and is within 
1 dB of the theoretical minimum value between 500£2 and 2.5k£2. 

Figure 2 shows the recommended bias resistor (R BIAS ) versus 
source impedance, for balanced or single-ended inputs. 

INPUTS 

Although the SSM-2015 inputs are fully floating, care must be 
exercised to ensure that both inputs have a DC bias connection 
capable of maintaining them within the input common-mode 
range. The usual method of achieving this is to ground one side 
of the transducer as in Figure 3(a), but an alternative way is to 
float the transducer and use two resistors to set the bias point as 
in Figure 3(b). The value of these resistors can be up to 1 0kQ, 
but they should be kept as small as possible to limit common- 
mode noise. Noise generated in the resistors themselves is 
negligible since it is attenuated by the transducer impedance. 
Balanced transducers give the best noise immunity, and inter- 
face directly as in Figure 3(c). 

TRIMMING 

The gain of the SSM-201 5 can be easily trimmed by adjustment 
of R q . However, two further trims may be desirable: Offset Volt- 
age and Common-mode Rejection, although the SSM-2015 
provides excellent untrimmed performance in both respects. 


FIGURE 2: Optimum R BIAS vs. Source Resistance 



FIGURE 3: Three Ways of Interfacing Transducers for High Noise Immunity 
(a) Single Ended (b) Pseudo Differential (c) True Differential 
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FIGURE 4: Trimming the SSM-2015 


The offset trim can also be used to null out the gain control 
feedthrough. The output offset at low gains is determined by 
matching of the feedback resistors while at high gains it is deter- 
mined by the matching of the input resistors. If the gain setting is 
changed rapidly, the output shift can cause an (audible) click or 
thump. To reduce or eliminate this, the offset at high gains is 
adjusted to be equal to the offset at low gains. 


TABLE 3: Recommended Values for the Offset Voltage Trim 




R b,as 



27WL1 - 47k£! 

47kO - 68kQ 

68kQ - 150kQ 

q/ 

II ^ 

o 

500kQ 

250kQ 

250kQ 

V R2’ 

G = 1 00 

500kQ 

lOOkft 

lOOkQ 

o 

o 

o 

?VJ 11 

>*0 

250kQ 

lOOkQ 

50kQ 


Figure 4 shows the trimming method for both parameters. 

V R1 is the CMR trim and should be adjusted for minimum output 
with an 8Vp-p amplitude 60Hz Sine Wave common to both inputs. 

V R2 is the offset voltage trim, and should be selected from Table 
3. The offset trim should follow the CMR trim, since there is a 
small (non-reciprocal) interaction. 

The offset trim can also be used to null out the gain control 


PHANTOM POWER 

A recommended circuit for phantom microphone powering is 
shown in Figure 5. Z 1 through Z 4 provide transient overvoltage 
protection for the SSM-201 5 whenever microphones are plugged 
in and out. 



FIGURE 5: SSM-2015 with Phantom Power 
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ANALOG 

DEVICES 


Ultra Low Noise Differential 
Audio Preamplifier 


SSM-2016 


FEATURES 

• Ultra Low Voltage Noise 800pV/v'Hz Typ 

• High Slew Rate lOV/ps Typ 

• Very Low 

Harmonic Distortion @ G = 1000 0.009% Typ 

• Wide Bandwidth @ G = 1000 650kHz Typ 

• Very Wide 

Supply Voltage Range ±9V to ±36V 

• High Output Drive Capability ±40mA Min 

• High Common-Mode Rejection lOOdB Typ 

• Low Cost 


APPLICATIONS 

• Low Noise High-Gain Microphone Preamplifier 

• Bus Summing Amplifier 

• Differential Line Receiver 

• Low Noise Instrumentation Amplifier 


ORDERING INFORMATION 


PACKAGE 

OPERATING 

PLASTIC 

TEMPERATURE 

16-PIN 

RANGE 

SSM2016P 

-25°C to +55°C 


GENERAL DESCRIPTION 

The SSM-2016 is an ultra low noise, low distortion differential 
audio preamplifier. The input referred noise of the SSM-201 6 is 
about 800pVA/Hz which will result in a noise figure of 1 dB when 
operated with a 150ft source impedance. This ensures that a 
large number of inputs can be paralleled without seriously de- 
grading the signal-to-noise ratio. In addition, this device provides 
exceptionally low harmonic distortion of only 0.009%(G = 1 000, 
f = 1kHz) Typ. 

Fabricated on a high voltage process, the SSM-201 6 is capable 
of operating from a wide supply voltage range of ±9V to ±36V. A 
copper lead- frame DIP package is used to permit 1 .5W of dissi- 
pation when driving heavy loads or operating from elevated 
supplies. Continued 


PIN CONNECTIONS 


COMP 3 [T 

• ^ 

16] COMP 4 

v- [T 


H]V0UT 

+!N [T 


«1 sum 2 , 6 . P | N p LAST | C Dip 

+r g [I 

-r g U 


gsuM' (P-Suffix) 

23 "out 

-IN |T 


TT] v+ 

NULL 1 [7 


To] COMP 1 

NULL 2 [T 


j] COMP 2 


BLOCK DIAGRAM 



The SSM-2016 has been granted mask work protection under the Semiconductor Chip Protection Act of 1983. 
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GENERAL DESCRIPTION Continued 

The SSM-201 6 can source or sink a minimum of 40mA allowing 
a jack-field to be driven directly. 

At low gains, the SSM-2016 offers a bandwidth of about 1 MHz 
and 650kHz at 60dB of gain. Slew rate is typically 1 0V/ps at all 
gains. 

The SSM-201 6 is packaged in a 1 6-pin epoxy DIP and perform- 
ance and characteristics are guaranteed over the operating 
temperature range of -25°C to +55°C. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ±38V 

Recommended Supply 

Voltage Range ±9V to ±36V 


Current Into Any Pin 

(Except Pins 2, 11, and 15) 40mA 

Lead Temperature (Soldering, 60 sec) 300°C 

Storage Temperature -65°C to +1 50°C 

Package Dissipation 2W 

Short-Circuit Duration (Note 1) Indefinite 

Operating Temperature Range -25°C to 55°C 


PACKAGE TYPE 0 jA (Note 2) © jC UNITS 

16-Pin Plastic DIP (P) 76 33 °C/W 

NOTES: 


1 . Short-circuit duration is indefinite, provided dissipation limit is not exceeded. 

2. 0 jA is specified for worst case mounting conditions, i.e. , 0 jA is specified for device 
in socket for P-DIP package. 


ELECTRICAL CHARACTERISTICS at V s = ±1 8V, R 1 = R 2 = 5kQ, R 3 = R 4 = 2k£2, T A = +25°C, unless otherwise noted. 






SSM-2016 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 



V O= 10V RMS> R L = 2k « 







G = 1000 







f = 1kHz 

_ 

0.009 

0.015 




f= 10kHz 

- 

0.015 

0.02 




G = 100 







f = 1kHz 

- 

0.003 

0.005 




f= 10kHz 

- 

0.005 

0.007 




G = 10 







f = 1kHz 

- 

0.002 

0.003 


Total Harmonic Distortion 

THD 

f= 10kHz 

- 

0.003 

0.005 

% 







v o= 10v rms> R L = 600Q,V S = ±20V 







G = 1 000 







f = 1kHz 

- 

0.025 

0.04 




f= 10kHz 

- 

0.06 

0.09 




G = 100 







f =1kHz 

- 

0.008 

0.015 




f= 10kHz 

- 

0.02 

0.04 




G = 10 







f = 1kHz 

- 

0.005 

0.008 




f =10kHz 

- 

0.008 

0.015 




20kHz Bandwidth 





Input Referred Voltage Noise 


G= 1000 

_ 

0.11 

0.16 

iiV 

(Note 1) 

®n 

G = 100 

- 

0.20 

0.30 

^ V RMS 



G = 10 

- 

0.80 

1.2 


Input Current Noise (Note 1) 

'n 

20 kHz Bandwidth 

- 

350 

550 

PAW 

Slew Rate 

SR 


- 

10 

- 

V/ps 



G = 1000 


0.55 



-3dB Bandwidth (Note 2) 

GBW 

G < 100 

- 

1 

- 

MHz 



O 

ii 

o 

o 

o 

- 

0.5 

2.5 


Input Offset Voltage 

^OS 

G = 100 

- 

1.5 

10 

mV 



G = 10 

- 

5 

8 


Input Bias Current 


V CM = 0V 


9 

25 

pA 

Input Offset Current 

’os 

V CM = <> V 

- 

1.5 

5.0 

pA 



G = 1 000 

96 

100 

- 


Common-Mode Rejection Ratio 

CMRR 

G = 100 

80.5 

95 

- 

dB 



G = 10 

64 

75 

- 


Power Supply Rejection Ratio 

PSRR 

V s = ±9V to ±36V 

90 

100 

- 

dB 

Common-Mode Voltage Range 

CMVR 


±7 

±10 

- 

V 
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ELECTRICAL CHARACTERISTICS at V s = ±18V, R 1 = R 2 = 5kQ, R 3 = R 4 = 2kQ, T A = +25°C, unless otherwise noted. 
Continued 






SSM-2016 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Common-Mode Input Impedance 

r inem 


- 

20 

- 

MO 



G- 1000 

_ 

0.3 



Differential-Mode 







Input Impedance 

r in 

G = 10 

- 

10 

- 




R l = 2kfl 

±15 

±17 



Output Voltage Swing (Note 1 ) 

v o 

R l = 6000, V s = ±20V 

±15 

±17 

- 

V 



Source 

40 

70 

_ 


Output Current (Note 3) 

’out 

Sink 

40 

70 

- 

mA 

Supply Current 

'SY 

V CM = 0V 

10 

12 

16 

mA 

Error From Gain Equation 



- 

0.1 

0.3 

dB 


NOTES: Specifications subject to change; consult latest data sheet. 

1 . Sample tested. 

2. Bandwidth will be slew-rate limited at high output levels. 

3. Output is protected from short circuits to ground or either supply. 



APPLICATIONS INFORMATION 
PRINCIPLE OF OPERATION 

The SSM-2016 operates as a true differential amplifier with 
feedback returned directly to the emitters of the input stage tran- 
sistors by R 1 (See Figure 1). The differential pair is fed by a 
current source at the collectors and the required emitter current 


is supplied by a nulling (servo) amplifier through the external 
resistors R 3 and R 4 (Figure 1). This system produces both opti- 
mum noise and common-mode rejection while retaining a very 
high input impedance. The internal “servo” amplifier is used to 
control the input stage current independently of common-mode 
voltage and its output is accessible via pin 12. 
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GAIN SETTING 

The nominal gain of the SSM-201 6 is given by: 
G=^ 


+1 

R 3 + R 4 


or 


G = -— + 3.5 For R 1 = R 2 = 5kQ, R 3 = R 4 = 2kQ 
g 

R 1 and R 2 should be equal to 5kQ for best results. It is vital that 
good quality resistors be used in the gain setting network, since 
low quality types (notably carbon composition) can generate 
significant amounts of distortion and, under some conditions, low 
frequency noise. 

The SSM-2016 is capable of operating at gains down to 3.5 at 
full performance. Gain range can be extended further by in- 
creasing R 3 and R 4 in Figure 1 , but at the penalty of reduced 
common-mode input range. Gains below 2.5 are not practical 
unless the negative supply voltage is increased. 

Note that tolerance of R 1 - R 4 directly affects the gain error and 
that good matching between R 1 - R 4 is essential to prevent 
degradation of the common-mode rejection performance. 

The SSM-201 6 provides internal 1 kQ resistors to replace R 3 and 
R 4 in applications where distortion is not too critical. 

FREQUENCY COMPENSATION 

The SSM-201 6’s internal “servo” amplifier is compensated by 
C 3 , while C 1 and C 2 (see Figure 1) compensate the overall am- 
plifier. The values shown maintain a very wide bandwidth with a 
good symmetrical slew rate. If desired, the bandwidth can be 
reduced by increasing the value of ■C 1 . 

NOISE PERFORMANCE 

The SSM-2016’s input referred noise is 0.11pV RMS (20kHz 
bandwidth) at 60dB of gain, 0.2pV RMS at 40dB, and 0.8 jiV rms at 
20dB. The apparent increase at low gains is due to noise incurred 
in the feedback resistors and second stage becoming dominant. 
This noise is actually present at all times but becomes masked 
by input stage noise as the gain is increased. 

The SSM-2016 is optimized for source impedances of IkQ or 
less and under these conditions, the noise performance is equal 
to the best discrete component designs. Considering that a 
“standard” microphone with impedance of 150Q generates 
1 .6nV/-/Hz of thermal noise, the SSM-201 6’s 800pV/\/Hz of 
voltage noise or the corresponding noise figure of typically 1 dB 
make the device virtually transparent to the user. 

In applications where higher source impedances than IkQ are 
desired, the SSM-201 5 preamplifier is recommended. 

Another source of noise degradation is the chip’s total power 
dissipation, since any increase in temperature will increase the 
noise. This effect is more pronounced at higher gains. As a re- 
sult, the SSM-2016 uses a copper lead-frame package which 
greatly helps the power dissipation and the noise performance. 
The best noise performance of the SSM-201 6 can be achieved 
at low supply voltages while driving light loads. 


TOTAL HARMONIC DISTORTION 

Figures 2 - 5 show the distortion behavior of SSM-2016. All 
measurements were taken at a 1 0V RMS output to ensure a true 
“worst case" condition. No crossover distortion is observed at 
lower ouput levels. At 20dB of gain (Figure 2) total harmonic 
distortion (plus noise) is well below 0.01% at all audio frequen- 
cies. At 40dB of gain (Figure 3) some loading effects are evident, 
especially at higher frequencies, but the overall THD is still very 
low. The measurements at 60dB of gain (Figure 4) are a little 
misleading because the noise floor is at an equivalent level of 
0.0085% at this gain. In fact, the real distortion components are 
not greatly increased from the 40dB case. 

Figure 5 shows the intermodulation distortion performance of the 
SSM-201 6. A basic SMPTE type test was performed with the main 
generator swept from 2.5kHz to 20kHz. The 60dB reading is once 
more mostly noise. 




FIGURE 3 
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OVERALL DISTORTION 



20 100 Ik 10k 20k 

FREQUENCY (Hz) 


FIGURE 4 



DRIVE CAPABILITY 

Fabricated on a high voltage process, the SSM-201 6 is capable 
of operating from ±9V to ±36V supplies. In addition, the powerful 
output stage is designed to drive a jack-field directly. The SSM- 
2016 is capable of driving a 10V RMS sine wave into 600£2 load 
using ±18V supplies. However, ±20V or greater supplies are 
recommended to give a more comfortable headroom. A copper 
lead-frame DIP package is used to permit 1 .5W of dissipation 
when driving heavy loads or operating from elevated supplies. 

INPUTS 

The SSM-201 6 offers protection diodes across the base-emitter 
junctions of the input transistors. These prevent accidental 
avalanche breakdown which could seriously degrade noise 
performance. Additional clamp diodes are also provided to pre- 
vent the inputs from being forced too far beyond the supplies. 

Although the SSM-201 6’s inputs are fully floating, care must be 
exercised to ensure that both inputs have a DC bias connection 
capable of maintaining them within the input common-mode 
range. The usual method of achieving this is to ground one side 
of the transducer as in Figure 6a, but an alternative way is to float 
the transducer and use two resistors to set the bias point as in 
figure 6b. The value of these resistors can be up to 1 0kft, but 
they should be kept as small as possible to limit common-mode 
pickup. Noise contribution by resistors themselves is negligible 
since it is attenuated by the transducer’s impedance. Balanced 
transducers give the best noise immunity, and interface directly 
as in Figure 6c. 


1 

2 

(INVERTING) 3 


i 

l T 4 


TRANSDUCER 

> ^=470pF_5 

i 1 6 

SSM-2016 

i 

(NONINVERTING) 7 



8 



a) SINGLE ENDED 


TRANSDUCER 



TRANSDUCER 



FIGURE 6: Three Ways of Interfacing Transducers for High- 
Noise Immunity 
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FIGURE 7: SSM-2016 with Phantom Power 



FIGURE 8: Trimming Circuit 


PHANTOM POWERING 

A typical phantom microphone powering circuit is shown in Fig- 
ure 7. Z 1 through Z 4 provide transient overvoltage protection for 
the SSM-2016 whenever microphones are plugged in and out. 

TRIMMING 

The SSM-201 6 accommodates four types of trimming: gain, high- 
gain offset, low-gain offset, and common-mode rejection. All four 
can be accomplished with the circuits shown in Figure 8. 

Gain trim on the SSM-201 6 is readily accomplished by adjusting 
R q . VR 1 adjusts the common-mode rejection, VR 2 the high-gain 


offset, and VR 3 the low-gain offset. Common-mode rejection is 
best adjusted by applying an 8Vp-p 60Hz (50Hz in Europe) sine 
wave to both inputs and adjusting VR 1 for minimum output. In- 
teraction is minimized by trimming the high-gain offset first, fol- 
lowed by the CMR and finally the low-gain offset. A two-pass trim 
is recommended for best results. Note that the overall gain has 
been reduced slightly to allow convenient values of resistors. 

If the low-gain offset trim is not used, then gain control 
feedthrough can still be reduced by adjusting the high-gain off- 
set to equal the low-gain offset by means of VR 2 . 
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BUS SUMMING AMPLIFIER 

In addition to its use as a microphone preamplifier, the SSM-201 6 
can be used as a very low noise summing amplifier. Such a circuit 
is particularly useful when many medium impedance outputs are 
summed together to produce a high effective noise gain. 

The principle of the summing amplifier is to ground the SSM-201 6 
inputs . Under these conditions, pins 4 and 5 are AC virtual 
grounds sitting about 0.65V below ground. Any current injected 
into these points must flowthrough the feedback resistor (R 1 ) and 
hence are amplified to appear in the the output. Moreover, both 
positive (pin 5) and negative (pin 6) transfer characteristics are 
available simultaneously in contrast to the usual “inverting only” 
configuration. 


To remove the 0.65V offset, the circuit of Figure 9 is recom- 
mended. 

A 2 forms a “servo” amplifier feeding the SSM-201 6’s inputs. This 
places pins 4 and 5 at a true DC virtual ground. R 6 in conjunction 
with C 6 remove the voltage noise of A 2 and in fact just about any 
operational amplifier will work well here since it is removed from 
the signal path. If the DC offset at pins 4 and 5 is not too critical, 
then the servo loop can be replaced by the diode biasing scheme 
of Figure 9a. If AC coupling is used throughout, then pins 3 and 
6 may be directly grounded. 


2k £2 



a) INPUT BIAS CIRCUIT TO 

REPLACE SERVO AMP IN NON- 
CRITICAL APPLICATIONS 


TO PINS 3 
AND 6 


v+ 



37.1N4148 


*NOTE: TOTAL INPUT CURRENT MUST BE LESS THAN CAN 
BE SUPPLIED BY 5kO FEEDBACK RESISTOR 


FIGURE 9: Bus Summing Amplifier 
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□ ANALOG 
DEVICES 


SSM-2017 


Self-Contained 
Audio Preamplifier 


FEATURES _ 

Excellent Noise Performance: 950 pV/VHz or 1.5 dB 
Noise Figure 

Ultralow THD: <0.01% @ G = 100 Over the Full Audio 
Band 

Wide Bandwidth: 1 MHz @ G = 100 
High Slew Rate: 17 V/ps typ 
Unity Gain Stable 
True Differential Inputs 
Subaudio 1/f Noise Corner 

8-Pin Mini-DIP with Only One External Component 
Required 
Very Low Cost 

Extended Temperature Range: -40°C to +85°C 

APPLICATIONS 
Audio Mix Consoles 
Intercom/Paging Systems 
Two-Way Radio 
Sonar 

Digital Audio Systems 
GENERAL DESCRIPTION 

The SSM-2017 is a latest generation audio preamplifier combin- 
ing SSM preamplifier design expertise with advanced process- 
ing. The result is excellent audio performance from a self- 
contained 8-pin mini-DIP device, requiring only one external 
gain set resistor or potentiometer. The SSM-2017 is further 
enhanced by its unity gain stability. 

Key specifications include ultralow noise (1.5 dB noise figure) 
and THD (<0.01% at G = 100), complemented by wide band- 
width and high slew rate. 

Applications for this low cost device include microphone pream- 
plifiers and bus summing amplifiers in professional and con- 
sumer audio equipment, sonar, and other applications requiring 
a low noise instrumentation amplifier with high gain capability. 


FUNCTIONAL BLOCK DIAGRAM 



and 


Hermetic DIP (Z Suffix) 


RGi [7 
-!N [7 

+IN [7 

V -[± 


SSM-2017 

TOP VIEW 
(Not to Scale) 


I] 

3 

D 

I] 


RG 2 

v+ 

OUT 

REFERENCE 


16 -Pin SOIC (S Suffix) 



NC 

RG 2 

NC 

V+ 

NC 

OUT 

REFERENCE 

NC 
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CCIUI oni 7 CDCPIC1P ATIHMC = ±15 V and -40°C < T A < +85°C, unless otherwise specified. 

dolVI-ZU I / Or Lull I (ml lUliO Typical specifications apply at T A = +25°C.) 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

DISTORTION PERFORMANCE 


T a = +25°C 

V 0 = 7 V RMS 

R l = 5 ka 





Total Harmonic Distortion Plus Noise 

THD+N 

G = 1000, f = 1 kHz 


0.012 


% 



G = 100, f = 1 kHz 


0.005 


% 



G = 10, f = 1 kHz 


0.004 


% 



G = 1, f = 1 kHz 


0.008 


% 

NOISE PERFORMANCE 







Input Referred Voltage Noise Density 

e n 

f = 1 kHz, G = 1000 


0.95 


nV/ VHz 



f = 1 kHz; G = 100 


1.95 


nV/\/Hz 



f = 1 kHz; G = 10 


11.83 


nV/VHz 



f = 1 kHz; G = 1 


107.14 


nV/\/Hz 

Input Current Noise Density 

in 

f = 1 kHz, G = 1000 


2 


pAA/Hz 

DYNAMIC RESPONSE 







Slew Rate 

SR 

G = 10 

10 

17 


V/|xs 



R l = 4.7 kH 

C L = 50 pF 

T a = +25°C 





Small Signal Bandwidth 

BW_3 dB 

G = 1000 


200 


kHz 



G = 100 


1000 


kHz 



G = 10 


2000 


kHz 



G = 1 


4000 


kHz 

INPUT 







Input Offset Voltage 

Vios 



0.1 

1.2 

mV 

Input Bias Current 

Jb 

V CM = 0 V 


6 

25 

ix A 

Input Offset Current 

Jos 

V CM = 0V 


±0.002 

±2.5 

|xA 

Common-Mode Rejection 

CMR 

V C m = ±8 V 







G = 1000 

80 

112 


dB 



G = 100 

60 

92 


dB 



G = 10 

40 

74 


dB 



G = 1, T a = +25°C 

26 

54 


dB 


1 

G = 1, T a = -40°C to +85°C 

20 

54 


dB 

Power Supply Rejection 

PSR 

V s = ±6 V to ±18 V 







G = 1000 

80 

124 


dB 



G = 100 

60 

118 


dB 



G= 10 

40 

101 


dB 



G = 1 

26 

82 


dB 

Input Voltage Range 

IVR 


±8 



V 

Input Resistance 

Bin 

Differential, G = 1000 


1 


MO 



G = 1 


30 


m a 



Common Mode, G = 1000 


5.3 


MH 



G = 1 


7.1 


Ma 

OUTPUT 







Output Voltage Swing 

Vo 

R l = 2 kfl; T a = +25°C 

±11.0 

±12.3 


V - 

Output Offset Voltage 

Voos 



-40 

500 

mV 

Minimum Resistive Load Drive 


T a = +25°C 


2 


ka 



T a = -40°C to +85°C 


4.7 


ka 

Maximum Capacitive Load Drive 




50 


pF 

Short Circuit Current Limit 

Jsc 

Output-to-Ground Short 


±50 


mA 

Output Short Circuit Duration 





10 

sec 

GAIN 







Gain Accuracy 

io ka 

R ° ~ G - 1 

T a = +25°C 

r g = io a, g = iooo 


0.25 

1 

dB 



r g = ioi a, g = ioo 


0.20 

1 

dB 



R g = 1.1 ka, G = 10 


0.20 

1 

dB 



o* 

II 

o 

II 


0.05 

0.5 

dB 

Maximum Gain 

G 



70 


dB 
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Parameter 

Symbol 

Conditions 

Min Typ Max 

Unit 

REFERENCE INPUT 





Input Resistance 



10 

kn 

Voltage Range 



±8 

V 

Gain to Output 



1 

v/v 

POWER SUPPLY 





Supply Voltage Range 

V s 


±6 ±22 

V 

Supply Current 

IsY 

Vcm = 0 V, R L = oo 

1+ 

© 

ON 

1+ 

£ 

© 

mA 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±22 V 

Input Voltage Supply Voltage 

Output Short Circuit Duration 10 sec 

Storage Temperature Range (P, Z Packages) . -65°C to +150°C 

Junction Temperature (Tj) -65°C to +150°C 

Lead Temperature Range (Soldering, 60 sec) 300°C 

Operating Temperature Range -40°C to +85°C 

Thermal Resistance 1 

8-Pin Hermetic DIP (Z): 0 JA = 134; 0 JC = 12 °C/W 

8-Pin Plastic DIP (P): 0 JA = 96; 0 JG = 37 °C/W 

16-Pin SOIC (S): 0 JA = 92; 0 JC = 27 °C/W 


Typical Performance Characteristics 



Figure 1. Typical THD+ Noise* at G = 1 , 10, 100, 1000; 
V Q = 7 V RMS , Vs = V, R L = 5 kO; T A = +25°C 


NOTE 

V is specified for worst case mounting conditions, i.e., 0 JA is specified for 
device in socket for cerdip and plastic DIP; 0 JA is specified for device 
soldered to printed circuit board for SOIC package. 


ORDERING GUIDE 


Model 

Operating 

Temperature Range* 

Package 

SSM-2017P 

-40°C to +85°C 

8-Pin Plastic DIP 

SSM-2017Z 

-40°C to +85°C 

8-Pin Hermetic DIP 

SSM-2017S 

-40°C to +85°C 

16-Lead SOIC 


*XIND = -40°C to +85°C. 



Figure 2. Typical THD+Noise* at G = 2, 10, 100, 1000; 
V 0 = 10 V RMS , V s = ±18 V, R l = 5kO; T A = +25°C 


*80 kHz low-pass filter used for Figures 1-2. 
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FREQUENCY -Hz 
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Figure 3. Voltage Noise Density vs. 
Frequency 


Figure 4. RTI Voltage Noise Den- 
sity vs. Gain 


Figure 5. Output Impedance vs. 
Frequency 



100 Ik 10k 100k 

FREQUENCY -Hz 

Figure 6. Maximum Output Swing 
vs. Frequency 



10 100 Ik 10k 100k 

LOAD RESISTANCE 

Figure 7. Maximum Output Voltage 
vs. Load Resistance 



0 ±5 ±10 ±15 ±20 


SUPPLY VOLTAGE -V 

Figure 8. Input Voltage Range vs. 
Supply Voltage 



o ±5 ±10 ±15 ±20 

SUPPLY VOLTAGE -V 
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T a = +25°C 
V s = ±15V 
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FREQUENCY - Hz 
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Figure 9. Output Voltage Range Figure 10. CMRR vs. Frequency Figure 11. +PSRR vs. Frequency 

vs. Supply Voltage 
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Typical Performance Characteristics — SSM-201 7 



FREQUENCY -Hz TEMPERATURE - °C SUPPLY VOLTAGE - V 


Figure 12. ~ PSRR vs. Frequency Figure 13. Vios vs. Temperature Figure 14. Vios vs. Supply Voltage 



TEMPERATURE - °C 


Figure 15. V oos vs. Temperature 



±5 ±10 ±15 ±20 

SUPPLY VOLTAGE - V 


Figure 16. V oos vs. Supply Voltage 



TEMPERATURE - °C 

Figure 17. I B vs. Temperature 




±5 ±10 ±15 ±20 

SUPPLY VOLTAGE -V 


Figure 18. I B vs. Supply Voltage 



-50 -25 0 25 50 75 100 0 ±5 ±10 ±15 ±20 

TEMPERATURE - °C SUPPLY VOLTAGE - V 

Figure 19. I SY vs. Temperature Figure 20. I SY vs.Supply Voltage 
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SSM-201 7— Applications Information 


v+ 



Basic Circuit Connections 

GAIN 

The SSM-201 7 only requires a single external resistor to set the 
voltage gain. The voltage gain, G, is: 


and 


10 kn 

G = ^r 


+ 1 


10 kn 

R ° - G - l 

For convenience, Table I lists various values of R G for common 
gain levels. 


Table I. Values of R G for Various Gain Levels 


A v 

dB 

Rg 

1 

0 

NC 

3.2 

10 

4.7k 

10 

20 

1.1k 

31.3 

30 

330 

100 

40 

100 

314 

50 

32 

1000 

60 

10 


The voltage gain can range from 1 to 3500. A gain set resistor is 
not required for unity gain applications. Metal-film or wire- 
wound resistors are recommended for best results. 

The total gain accuracy of the SSM-201 7 is determined by the 
tolerance of the external gain set resistor, R G , combined with 
the gain equation accuracy of the SSM-2017. Total gain drift 
combines the mismatch of the external gain set resistor drift 
with that of the internal resistors (20 ppm/°C typ). 

Bandwidth of the SSM-2017 is relatively independent of gain as 
shown in Figure 21. For a voltage gain of 1000, the SSM-2017 
has a small-signal bandwidth of 200 kHz. At unity gain, the 
bandwidth of the SSM-2017 exceeds 4 MHz. 



100 Ik 10k 100k 1M 10M 

FREQUENCY -Hz 

Figure 21. Bandwidth of the SSM-2017 for Various Values 
of Gain 

NOISE PERFORMANCE 

The SSM-2017 is a very low noise audio preamplifier exhibiting 
a typical voltage noise density of only 1 nV/VHz at 1 kHz. The 
exceptionally low noise characteristics of the SSM-2017 are in 
part achieved by operating the input transistors at high collector 
currents since the voltage noise is inversely proportional to the 
square root of the collector current. Current noise, however, is 
directly proportional to the square root of the collector current. 
As a result, the outstanding voltage noise performance of the 
SSM-2017 is obtained at the expense of current noise perfor- 
mance. At low preamplifier gains, the effect of the SSM-2017’s 
voltage and current noise is insignificant. 

The total noise of an audio preamplifier channel can be calcu- 
lated by: 

E n = Ve„ 2 + («„R S ) 2 + e, 2 

where: 

E n = total input referred noise 

e n = amplifier voltage noise 

i n = amplifier current noise 

R s = source resistance 

e t = source resistance thermal noise. 

For a microphone preamplifier, using a typical microphone im- 
pedance of 150 O the total input referred noise is: 

e„ = 1 iiWVHs @ 1 kHz, SSM- 2017 e n 

i n = 2 pAlVWz @ 1 kHz, SSM-2017 i n 

R s = 150 ft, microphone source impedance 

e t = 1.6 nVI\ / 7iz @ 1 kHz , microphone thermal noise 

E n = V(1 nV/^Hz) 2 + 2 [IpA/^Hz x 150 ft) 2 + (1.6 nV/^Wz) 2 = 

1.93 nV/Vfiz (a 1 kHz. 

This total noise is extremely low and makes the SSM-2017 virtu- 
ally transparent to the user. 
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INPUTS 

The SSM-2017 has protection diodes across the base emitter 
junctions of the input transistors. These prevent accidental ava- 
lanche breakdown which could seriously degrade noise perfor- 
mance. Additional clamp diodes are also provided to prevent the 
inputs from being forced too far beyond the supplies. 


TRANSDUCER 

X"“" 



R 



TRANSDUCER 



Although the SSM-2017’s inputs are fully floating, care must be 
exercised to ensure that both inputs have a dc bias connection 
capable of maintaining them within the input common-mode 
range. The usual method of achieving this is to ground one side 
of the transducer as in Figure 22a, but an alternative way is to 
float the transducer and use two resistors to set the bias point as 
in Figure 22b. The value of these resistors can be up to 10 kfl, 
but they should be kept as small as possible to limit common- 
mode pickup. Noise contribution by resistors themselves is neg- 
ligible since it is attenuated by the transducer’s impedance. 
Balanced transducers give the best noise immunity and interface 
directly as in Figure 22c. 

REFERENCE TERMINAL 

The output signal is specified with respect to the reference ter- 
minal, which is normally connected to analog ground. The refer- 
ence may also be used for offset correction or level shifting. A 
reference source resistance will reduce the common-mode rejec- 
tion by the ratio of 5 kO/R REF . If the reference source resis- 
tance is 1 11, then the CMR will be reduced to 74 dB (5 kH/1 H 
= 74 dB). 

COMMON-MODE REJECTION 

Ideally, a microphone preamplifier responds only to the differ- 
ence between the two input signals and rejects common-mode 
voltages and noise. In practice, there is a small change in output 
voltage when both inputs experience the same common-mode 
voltage change; the ratio of these voltages is called the common- 
mode gain. Common-mode rejection (CMR) is the logarithm of 
the ratio of differential-mode gain to common-mode gain, ex- 
pressed in dB. 

PHANTOM POWERING 

A typical phantom microphone powering circuit is shown in 
Figure 23. Zj through Z 4 provide transient overvoltage protec- 
tion for the SSM-2017 whenever microphones are plugged in or 
unplugged. 


c. True Differential 

Figure 22. Three Ways of Interfacing Transducers for High 
Noise Immunity 



ZI-Z4: 12 V, 1/2W 

Figure 23. SSM-2017 in Phantom Powered Microphone Circuit 
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BUS SUMMING AMPLIFIER 

In addition to is use as a microphone preamplifier, the SSM- 
2017 can be used as a very low noise summing amplifier. Such a 
circuit is particularly useful when many medium impedance out- 
puts are summed together to produce a high effective noise gain. 

The principle of the summing amplifier is to ground the SSM- 
2017 inputs. Under these conditions. Pins 1 and 8 are ac virtual 
grounds sitting about 0.55 V below ground. 

To remove the 0.55 V offset, the circuit of Figure 24 is 
recommended. 

A 2 forms a “servo” amplifier feeding the SSM-2017’s inputs. 
This places Pins 1 and 8 at a true dc virtual ground. R4 in con- 
junction with C2 remove the voltage noise of A 2 , and in fact just 
about any operational amplifier will work well here since it is 
removed from the signal path. If the dc offset at Pins 1 and 8 is 
not too critical, then the servo loop can be replaced by the diode 
biasing scheme of Figure 24. If ac coupling is used throughout, 
then Pins 2 and 3 may be directly grounded. 



Figure 24. Bus Summing Amplifier 
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□ ANALOG 

DEVICES Voltage-Controlled Amplifier/OVCE 

SSM-2018 


FEATURES 
Wide Dynamic Range 
118 dB typ (Class AB) 

108 dB typ (Class A) 

Wide Gain Range 
140 dB typ 

Excellent THD and IMD Performance Over Gain, 
Attenuation and Frequency 
Low Control Feedthrough 
1 mV typ (Class AB) 

Buffered Control Port and Current and Voltage 
Outputs 

Accepts Low or High Impedance Inputs 
Low External Parts Count 
Low Cost 

APPLICATIONS 

Voltage-Controlled Amplifiers 

Mixing Console Fader Automation Systems 

Compressors/Limiters 

Noise Gates 

Noise Reduction Systems 

Telephone Line Interfaces 

Automatic or Remote Volume Controllers 

Voltage-Controlled Equalizers 

Voltage-Controlled Panners 

GENERAL DESCRIPTION 

The SSM-2018 voltage-controlled amplifier is an advanced inte- 
grated audio gain block featuring exceptional performance in 
voltage-controlled amplifier, panner, equalizer, and preamplifier 
functions. An extremely flexible architecture features inputs and 
outputs which can be configured for differential and single- 
ended signals, in both current and voltage modes. Also, the 
control port input and voltage outputs of the SSM-2018 are 
buffered, assuring optimal performance while significantly re- 
ducing the external parts count compared to other VCA prod- 
ucts. The internal gain core can be programmed by the user for 
Class A, Class AB, or Intermediate operation by the selection of 
an external resistor. The SSM-2018 features excellent noise per- 
formance and exhibits negligible increase in distortion in Class 
AB operation over Class A, resulting in unusually low noise and 
distortion simultaneously. 


FUNCTIONAL DIAGRAM 



The SSM-2018’s unique operational voltage-controlled element 
(OVCE) architecture is easily configured into many voltage- 
controlled functions by utilizing the simple feedback connec- 
tions. Existing SSM-2014 sockets can be directly upgraded to 
the SSM-2018, with the additional benefit of a significant reduc- 
tion in the number of external components needed to achieve 
full performance. 

Combined with a voltage output DAC and multiplexed sample- 
and-hold circuit such as the D AC-7224 and SMP-08, or a multi- 
ple DAC such as the DAC-8800, high quality digital control of 
many audio functions can be realized with very low parts count, 
and at low cost. 
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SSM-2018— SPECIFICATIONS 


(V s = ±15 V and -4G°C < T A < +85°C with 18 kH feedback resistors, 
unless otherwise specified. Typical specifications apply to operation at 
T a = +25°C.) 


Parameters 

INPUT AMPLIFIER 
Bias Current 
Input Offset Voltage 
Input Offset Current 
Input Impedance 
Equivalent Input Noise 
Common-Mode Range 
Gain Bandwidth 

Slew Rate 
Supply Current 

OUTPUT AMPLIFIERS 
Offset Voltage 
Minimum Load Resistor 
Output Voltage Swing 


CONTROL PORT 
Bias Current 
Input Impedance 
Gain Constant 
Gain Constant 
Temperature Coefficient 
Control Feedthrough (Untrimmed) 
Class A 

Class AB 1 

Maximum Attenuation 


Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Ib 

Vcm = 0 V 


0.25 

1 

|jlA 

Vios 

V C m = 0V 


1 

20 

mV 

Iios 

Vcm = 0 V 


10 

100 

nA 

ZlN 



4 


MG 

e n 

f = 1 kHz 


14 


nV/VHz 

CMR 



+ 13, -13 


V 

GBW 

VCA Configuration (See Figure 18) 


12 


MHz 


VCP Configuration (See Figure 22) 


0.7 


MHz 

SR 

VCA Configuration (See Figure 18) 


10 


V/|xs 

IsY 

No Load 


11 

15 

mA 

v oos 

V IN = 0 V 


-1.0 

20 

mV 


For Full Output Swing 


9 


ka 


Iout = L5 mA 

+ 10 

+ 13.0 


V 



-10 

-14.0 


V 

Ib 



0.36 

1 

|xA 

ZlN 



1 


Ma 

G/(l-G) 

Ratio of Outputs 


-28 


mV/dB 

G/(1~G) tc 



-2700 


ppm/°C 


60 Hz Sine Wave Applied to 


-10 


mV 


Control Port, Causing 






-30 dB to +20 dB of Gain 


-1 


mV 


f = 1 kHz, V C =+4V 


100 


dB 


AUDIO SPECIFICATII 

DNS 2 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Noise 

Class A 

R b = 30 ka, BW = 20 Hz - 20 kHz, 


-88 

-85 

dBV 

Class AB 

0 dBV = 1 V rms, A v = 0 dB 

R b = 150 ka, BW = 20 Hz - 20 kHz, 


-97 

-95 

dBV 

THD-A @ A v = 0 dB 

0 dBV = 1 V rms, A v = 0 dB 

R b = 30 ka, V IN + 10 dBV @ 1 kHz 


0.006 

0.015 

% 

THD-A @ A v = ±20 dB 

R b = 30 ka, V IN = + 10 dBV @ 1 kHz 


0.009 

0.025 

% 

THD-AB @ A v = 0 dB 

R b = 150 ka, V IN = + 10 dBV @ 1 kHz, w/Sym Trim 


0.006 

0.02 

% 

THD-AB @ A v = ±20 dB 

R b = 150 ka, V IN = + 10 dBV @ 1 kHz, w/Sym Trim 


0.013 

0.04 

% 


NOTES 

‘Symmetry trim only. 

Guaranteed specifications, based on characterization data. 

Specifications subject to change without notice. 

ORDERING GUIDE 



Operating 

Package 

Model 

Temperature Range 

Option 1 

SSM-2018P 

XIND 2 

16-Pin Plastic 

SSM-2018S 

XIND 

16-Pin SOIC 


NOTES 

‘For outline information see Package Information section. 
2 XIND = — 40°C to +85°C. 
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ABSOLUTE MAXIMUM RATINGS* 


Supply Voltage ±18V 

Input Voltage Supply Voltage 

Junction Temperature +150°C 

Operating Temperature Range -40°C to +85°C 

Storage Temperature — 65°C to +150°C 

Lead Temperature (Soldering, 60 sec) +300°C 


^Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only; the functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Typical Performance Characteristics 



0 ±5 ±10 ±15 ±20 

SUPPLY VOLTAGE - Volts 

Figure 1. Maximum Output Swing vs. Supply Voltage 


SSM-2018 PIN CONFIGURATION 
16-Pin Plastic Dip— P Suffix 
16-Pin SOIC-S Suffix 


+I 1-G [T • 

+V CC U 
~ l G P^~ 
-h-G (T 
COMP 1 \T 
+IN [T 

- ,n E 

COMP 2 [~8~ 


vy 


SSM-2018 

TOP VIEW 
(Not to Scale) 


ill V,-G 

iil BAL 
u] V G 
13~| GND 
12l MODE 

UK 

UK® 

~9~] COMP 3 



TEMPERATURE - °C 


Figure 3. Trimmed Feedthrough vs. Temperature 



Ik 10k 100k 

FREQUENCY -Hz 


Figure 2. Maximum Output Swing vs. Frequency 



-60 -40 -20 0 20 40 60 80 100 

TEMPERATURE - °C 

Figure 4. Gain Constant vs. Temperature 
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Figure 5. SSM-2018 Functional Diagram 


OPERATIONAL VOLTAGE-CONTROLLED ELEMENT 
THEORY OF OPERATION 

The operational voltage-controlled element, or OVCE, is a new 
analog functional building block. It combines the function of an 
op amp and a voltage-controlled amplifier into a single inte- 
grated device. However, because of the special circuit topology 
used, this design offers higher performance than would be possi- 
ble with two separate circuits. The OVCE can replace any VC A 
in any application simply by reconfiguring the external feedback 
connection. Additionally, it can perform numerous circuit func- 
tions not readily achievable with conventional VCAs. 

As shown in Figure 5, the OVCE consists of three basic sec- 
tions, which are: 

1. The input differential pair, with compensation network; 

2. A programmable current splitter which generates the biasing 
current for the gain core; 

3. The four-transistor gain core (essentially a dual two-quadrant 
multiplier) and the output buffers. 

The differential input pair structure is the same as that used in 
operational amplifiers, and generates a single-ended output cur- 
rent corresponding to the differential input voltage. Variable- 
gain amplifiers face a unique problem in maintaining optimal 
compensation over a wide range of selected gains. In the OVCE, 
an adaptive network following the input section effectively di- 
vides the external compensation capacitor by a value correspond- 
ing to the current value of VCA gain. In voltage-controlled 
potentiometer configurations, the adaptive network is not used 
because the global feedback is constant with changes in gain, 
requiring fixed compensation only. 

The current generated by the input differential pair is split to 
drive the gain core transistors with currents containing equal 
and opposite signal components. The common-mode component 
of these currents (I M ) determines the class of operation of the 
OVCE. This current corresponds to the current injected into 


Pin 12, which is determined by a user-selected external bias re- 
sistor. Under small-signal conditions, there is a tradeoff between 
I M and the noise produced in the gain core transistors. 

The gain core consists of two very carefully matched differential 
pairs, utilizing large-geometry, high gain transistors designed to 
produce minimum noise and distortion. Examining Figure 6, it 
can be seen that a differential pair (which is forward-biased by 
the current source) divides the tail current I into two currents 
I C1 and I C2 according to the applied voltage V B . With the high 
beta of these devices, we can assume that the emitter current is 
equal to the collector current, expressed as I c = I s x exp(aV BE ), 
where I s is the reverse saturation current. Then, since I C1 + I C2 
= I and V B = V BE1 - V BE2 , the ratio of currents can be ex- 
pressed as: 



exp(aV B ) / C i 1 

and 1 — (j = — = 

1 + exp(aV B ) I 1 + exp[aV B ) 


These relationships are precisely reproduced in both pairs of the 
gain core, resulting in differential collector currents which accu- 
rately correspond to a function of the applied control voltage. 
The SSM-2018 is unique in providing both gain-multiplied and 
remainder-multiplied outputs, resulting in an infinitely flexible 
gain block. 



Figure 6. The OVCE Gain Core Differential Pair 
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The differential outputs of the gain core transistor pairs are ap- 
plied to differential current-to-single ended voltage converters, 
composed of buffers A1 through A4 in Figure 5. Amplifiers A1 
and A2 act as precision current mirrors, while A3 and A4 are 
current- to- voltage converters. Additionally, connections to A2 
allow the user to balance the current mirror gain to achieve per- 
fect symmetry in the positive and negative half-cycles of the out- 
put waveforms. Note that the noninverting inputs of A3 and A4 
are connected to the inverting inputs of A1 and A 2 respectively, 
thus cancelling the error contributions of the current mirror cir- 
cuitry. For this reason it is recommended that in applications 
requiring additional output drive, external amplifiers be con- 
nected outside the feedback loops as voltage followers for best 
OVCE response and dynamic range. 



Figure 7. The OVCE Symbol 

USING THE OVCE 

The symbol for the OVCE is shown in Figure 7. The OVCE has 
two outputs, V G and Vj_ G . Both respond to the input, but in 
addition are in a ratio determined by the control port voltage, 
V c , applied to Pin 11. Specifically, 

V G = (V(+) - V(-)) x G x A 

and 

= (V(+) - V(-)) x (l-G) x A 

where A is the open-loop gain of the circuit and 

G _ exp [a x V c ) 

1 + exp{a x Vc) 

As a result, the ratio of the outputs is 


V G 

— = exp{a x V c ) 

V l -G 

The control constant a is approximately -4 at room temperature. 

Application circuits are easily understood if it is assumed that 
the voltages at the inputs of the OVCE are equal, as is com- 
monly done with op amps when simplifying a negative-feedback 
circuit with high open-loop gain. Consider the basic follower/ 
VCA connection for the OVCE shown in Figure 8. In this ex- 
ample, the input signal V IN drives the noninverting input, and 
the Vj_ G output is tied back to the inverting input. In closed- 
loop operation we can simplify by saying that the inputs are ap- 
proximately equal, and so the V t _ G output follows the input for 
all control inputs. However, since from above 


Vq — V\ -g x exp(a x Vc) 

then 

Vq — V in x exp(a x Vq ) 


Therefore, this OVCE configuration provides the function of a 
voltage follower at the Vj G output, and the function of an ex- 
ponential VCA at the V G output. The direct feedback connec- 
tion between the V X . G output and the inverting input could be 
easily replaced with any general feedback network, as is com- 
monly done in op amp circuits. 



Figure 8. OVCE Follower/VCA Connection 

A wide variety of transfer functions from the input to the V^.q 
output are possible, independent of the control voltage input. At 
the same time, as discussed above the signal seen at the V G out- 
put will then be equal to the transfer function times the control 
voltage exponential. As demonstrated in the two examples in 
Figure 9, this configuration provides the functions of both an 
operational amplifier and exponential VCA in a single device, 
allowing considerable flexibility in applications. 



Cl 



b. Voltage-Controlled Inverting Bandpass Filter 
Figure 9. OVCE Configurations 
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Figure 10. Basic VCP Connection 

Figure 10 shows the OVCE configured with feedback applied 
from both outputs. Here the signal returned to the inverting 
input is one half of the sum of the two outputs, which must be 
equal to V IN if we remember the approximation that the differ- 
ence between the inputs is zero. The two outputs are then given 
by: 

V G = 2 G x V IN and V { - G = 2(1 - G) x Vim 

It can be seen that this provides a panning function as G ranges 
between 0 and 1 when V c sweeps through its range. For 
instance, when V c = 0,V G = Vi_ G = V IN . This configuration 
is called a voltage-controlled potentiometer (VCP). Note that the 
VCP shares the quasi-exponential gain characteristics of VCAs 
which operate as attenuators only. An endless variety of VC A 
and VCP configurations are possible using the SSM-2018, in 
both inverting and noninverting operation. The applications 
discussion below demonstrates the performance of a number of 
circuits. 

INPUT SECTION 

The differential inputs are similar to those seen in an operational 
amplifier. The user may wish to utilize clamp diodes to avoid 
overdriving the input stage by high speed transients. 

SETTING THE GAIN CORE CLASS OF OPERATION 

The mode of operation is determined by the user by program- 
ming the gain core bias current with resistor R B . The positive 
supply can be used to provide a current into Pin 12, which 
must be between 90 |xA and 500 |xA for proper operation. The 
suggested value for the set resistor R B is 30 kfl for Class A 
operation and 150 kfl for Class AB. Without this current input, 
the output signal will appear half-wave rectified. In earlier 
designs, Class AB operation has always been preferred for lower 
noise operation, while Class A was the choice where distortion 
performance was the greater concern. However, as the distortion 
graphs below demonstrate, the SSM-2018 offers Class AB per- 
formance rivaling that of Class A. Most applications, except 
those demanding the lowest possible distortion performance, will 
bias the gain core as Class AB. Note that control feedthrough in 
the SSM-2018 will be significantly lower in Class AB operation. 
Alternatively, Intermediate Class operation offers an excellent 
compromise between the low noise of Class AB and the superior 
distortion of Class A. 

CONTROL SECTION 

The sensitivity of the control port is -28 mV/dB at the input 
(Pin 11). A resistive divider is commonly used to scale the con- 
trol voltage source range. Since this input can draw as much as 
250 nA of bias current, it is recommended that the impedance 
of the divider to ground be kept under 10 kfl to minimize gain 


error. The user should take care to avoid coupling stray signals 
and ground errors into the control pin, which will directly affect 
the performance of the device. As shown in the application 
examples, a 1 (jlF capacitor is recommended, located near the 
pin. Noisy environments may require that this value be 
increased to 10 jxF. 

Due to temperature effects on the gain core transistors, the con- 
trol port has a -2700 ppm/°C temperature coefficient which can 
be compensated with a single +2700 ppm/°C tempsistor (RCD 
Components, Inc., Manchester, NH, (605) 669-0054) in the con- 
trol voltage divider chain. 

COMPENSATION 

In the VC A configuration, the SSM-2018 utilizes a unique adap- 
tive compensation network to maximize the internal closed-loop 
gain of the device independent of overall system gain. As shown 
in the application circuits, a compensation capacitor is con- 
nected between Pins 5 and 8, and Pin 9 is unconnected. In VCP 
circuits, the feedback of the system is constant with gain and 
the adaptive circuit is defeated by connecting Pin 9 to ground. 

In circuits requiring moderate gain, the value of the compensa- 
tion capacitor can be reduced in order to obtain wider signal 
bandwidth. 

OUTPUT SECTION 

The SSM-2018 has two voltage outputs, and three current out- 
puts which can deliver a minimum of 750 |xA when operating 
from ±15 V supplies. Feedback resistors for the internal or 
external op amps which convert the currents to a desired voltage 
should be greater than 17 kfl with ±15 V supplies. As shown in 
the functional diagram, the current outputs are virtual grounds 
in normal operation. Amplifiers A1 and A2 act as current mir- 
rors which maintain the + I 1 _ G potential to ground. A3 and A4 
are current- to- voltage converters which keep the outputs — I G 
and -I X _ G at ground potential, with current outputs capable of 
sinking greater than 10 mA and sourcing a minimum of 
1.65 mA. 

TRIMMING THE SSM-2018 

The network recommended for correcting waveform symmetry 
and trimming offset is shown in Figure 1 1 . Both trims affect 
offset and control feedthrough. The symmetry trim also controls 
distortion performance and is mandatory for Class AB operation, 
but may not be necessary in less critical applications operating in 
Class A. The offset trim is appropriate in those situations requir- 
ing improved control feedthrough. 


v+ 



Figure 11. Symmetry and Offset Trim Network 
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TRIM PROCEDURE 
Symmetry Trim 

If the symmetry trim is to be performed, it should precede the 
offset adjustment. 

1. Apply a 1 kHz sine wave of +10 dBV to the input, with the 
control voltage set at unity gain. 

2. Adjust the symmetry trim potentiometer to minimize distor- 
tion of the output signal. 

Offset Trim (Optional) 

The offset trim corrects for control feedthrough error. 

1. Ground the input signal and apply a 60 Hz sine wave to the 
control port. The sine wave should have its high and low 
peaks correspond to the highest gain to be used in the appli- 
cation and 30 dB attenuation, respectively. For example, a 
range of +20 dB maximum gain and 30 dB attenuation re- 
quires that a sine wave swinging between -560 mV and 

+ 840 mV be applied to Pin 11. 

2. Adjust the offset trim potentiometer to null the control feed- 
through seen at the output. 

The incorporation of dc blocking capacitors at the inputs will 
prevent offsets from previous stages from affecting the perfor- 
mance of the SSM-2018. Many applications, such as panning 
and equalizer circuits, will not require the offset trim. The con- 


trol settings for these circuits are usually established at setup 
and changed infrequently. Audible control feedthrough can be 
suppressed by inserting a time constant of 10-20 ms in the con- 
trol signal path. 

APPLICATIONS INFORMATION 

Circuits which illustrate four basic applications of the SSM-2018 
are included below, accompanied by graphs demonstrating the 
observed performance. Armed with a basic understanding of the 
OVCE structure, the user can easily modify these circuits for his 
particular needs and realize additional functions such as voltage- 
controlled preamplifiers, compressors/limiters, and many other 
functions. Data taken on the Audio Precision System One uti- 
lizes the internal 30 kHz noise filter, with an input signal of 
+ 10 dBV. 

THE BASIC OVCE 

The basic configuration for the OVCE with differential inputs 
discussed in Figure 7 is demonstrated in Figure 12, which in- 
cludes the recommended offset and symmetry trim circuitry. 
Note that the feedback for the output amplifiers includes a min- 
imum 5 pF capacitor for high frequency cutoff and noise limit- 
ing, and that the 1:4 control voltage divider is accompanied by 
1 fxF, to avoid control errors due to noise. The observed perfor- 
mance of this circuit is illustrated in Figures 13 through 17. 



1 50KO FOR CLASS AB RESULT IN SLIGHTLY IMPROVED LOW 


NC = NO CONNECT 


FREQUENCY DISTORTION. 



Figure 12. OVCE Application Circuit 
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Figure 13. OVCE THD vs. Gain Figure 14. OVCE Bandwidth vs. Figure 15. OVCE THD+N vs. Fre- 

Gain quency, Class A Operation 



Figure 16. OVCE THD+N vs. Fre- 
quency, Class AB Operation 


USING THE OVCE TO BUILD A SIMPLE VCA 

This circuit demonstrates the flexibility of the SSM-2018 by 
using differential current feedback to realize a complete, mini- 
mum parts count voltage-controlled amplifier with differential or 
single-ended inputs. Amplifier A4 is defeated to allow current 
feedback to the OVCE input and enhance the frequency re- 
sponse and slew rate. See Figure 18. Feedback from the +Ii_ G 
output to the inverting input and from -I^q to the non- 
inverting input creates differential virtual ground inputs. Single- 
ended operation allows inverting or noninverting gain, with the 
unused input unconnected. The output from amplifier A3 is 
available at Pin 14. A capacitor of any value can be connected 
across buffer A3 (Pin 3 to Pin 14) to band-limit the output sig- 
nal as desired. Refer to Figures 19 through 21 for the typical 
performance obtained with this implementation. 



-40 -30 -20 -10 0 10 20 30 40 

GAIN - dB 


Figure 1 7. OVCE Output vs. Gain 



Figure 18. Simple VCA Application Circuit 
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Figure 19. VCA THD+N vs. Fre- 
quency, Class A Operation 


Figure 20. VCA THD+N vs. Fre- 
quency, Class AB Operation 


Figure 21. VCA/OVCE Noise vs. 
Gain 


A VOLTAGE-CONTROLLED FANNER 

The ratiometric outputs of the SSM-2018 allow the user to real- 
ize an excellent potentiometer with minimal external compo- 
nents, as shown in Figure 22. As first shown in Figure 10, the 
outputs are summed and fed back to the noninverting input to 
perform the basic panning function. Figures 23 through 29 dem- 
onstrate the performance observed with this configuration. 



R b : 30kn FOR CLASS A * A LARGER VALUE (10^F-20^F) WILL RESULT IN 

1 SOkft FOR CLASS AB SLIGHTLY IMPROVED LOW FREQUENCY DISTORTION. 


Figure 22. VCP Application Circuit 
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Figure 23. VCP THD+N vs. Fre- 
quency, Class A Operation 


Figure 24. VCP THD+N vs. Fre- 
quency, Class AB Operation 


Figure 25. VCP THD+N vs. Gain 



-40 -30 -20 -10 o +10 

GAIN - dB 

Figure 26. VCP THD vs. Gain 



Ik 10k 100k 1M 10M 


FREQUENCY -Hz 

Figure 28. VCP Bandwidth vs. Gain, 
Class AB Operation 



Ik 10k 100k 1M 10M 

FREQUENCY - Hz 


Figure 27. VCP Bandwidth vs. 
Gain, Class A Operation 



-24 -18 -12 -6 0 +6 

GAIN - dB 

Figure 29. VCP Noise vs. Gain, 
Class AB Operation 
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A HIGH QUALITY VOLTAGE-CONTROLLED UPGRADING SSM-2014 SOCKETS WITH THE SSM-2018 

EQUALIZER USING THE SSM-2018 The SSM-2018 is a drop-in replacement for the SSM-2014, 

Figure 30 shows the SSM-2018 in the VCEQ configuration, offering noticeable performance improvements with minor 

utilizing a simple RC high pass filter network to generate a changes in the original circuitry. The SSM-2014 requires exter- 

basic reciprocal high frequency equalizer with excellent noise nal compensation to assure optimal performance, including RC 

and distortion characteristics. The noise and gain performance networks on Pins 1,3, and 4, and a capacitor on Pin 9. These 

obtained with this circuit is shown in Figures 31 through 34. components are not necessary when using the SSM-2018, and 

The user is free to replace the filter network in order to obtain should be removed in order to realize the full performance of 
the desired gain characteristics. Any other noninverting filter, the device. For best results, the SSM-2018 should not be evalu- 

including low-pass or bandpass functions, will yield a voltage- ated in an SSM-2014 evaluation board. An SSM-2018 evaluation 

controlled equalizer with the form of the filter transfer function. board is available through your local sales office. 

The addition of voltage control to the equalization function cre- 
ates an extremely attractive alternative. 


v+ 



Figure 30. Voltage Controlled Equalizer Application Circuit 
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-15 -12 -9 -6 -3 0 3 6 9 12 15 


EQ GAIN - dB 

Figure 31. Equalizer THD+N vs. Gain 



- 15-12 -9 -6 -3 0 3 6 9 12 15 

EQ GAIN - dB 

Figure 32. Equalizer Noise vs. Gain 



20 100 Ik 10k 20k 

FREQUENCY -Hz 

Figure 33. Equalizer Frequency Response vs. Gain 



- 1.0 - 0.5 0 0.5 1.0 

CONTROL VOLTAGE - Volts 

Figure 34. Equalizer Gain vs. Control Voltage 
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Quad Current- 
Controlled Amplifier 


SSM-2024 


FEATURES 

• Four VCAs in One Package 

• Ground Referenced Current Control Inputs 

• 82dB S/Nat 0.3 %THD 

• Full Class A Operation 

• -40dB Control Feedthrough (Untrimmed) 

• Easy Signal Summing 

• 6% Gain Matching 


APPLICATIONS 

• Electronic Musical Instruments 

• Noise Gating 

• Compressor/Limiters 

• Signal Mixing 

• Automatic Gain Control 

• Voltage-Controlled Oscillators 


ORDERING INFORMATION 


PACKAGE 

OPERATING 

PLASTIC 

TEMPERATURE 

16-PIN 

RANGE 

SSM2024P 

-10°C to +50°C 


GENERAL DESCRIPTION 

The SSM-2024 is a quad Class A noninverting current-controlled 
transconductance amplifier. Each of the four VCAs is completely 
independent and includes a ground referenced linear current gain 
control. These voltage-in/current-out amplifiers offer over 82dB 
S/N at 0.3% THD. Other features include low control voltage 
feedthrough and minimal external components for most appli- 
cations. With four matched VCAs in a single 1C, the SSM-2024 
provides a convenient solution for applications requiring multiple 
amplifiers. The pinout groups the four outputs for easy signal 
summing for circuits such as four-channel mixers. 


PIN CONNECTIONS 



BLOCK DIAGRAM 



The SSM-2024 is mask work protected under the Semiconductor Chip Protection Act of 1983. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 36Vor±18V 

Junction Temperature . +150°C 

Operating Temperature Range -1 0 to +50°C 

Storage Temperature Range -65 to +1 50°C 

Maximum Current into Any Pin 1 0mA 

Lead Temperature Range (Soldering, 60 sec) 300°C 


PACKAGE TYPE 

© jA (Note 1 ) 

®|C 

UNITS 

14-Pin Plastic DIP (P) 

90 

47 

°c/w 


NOTES: 


1 . 0. A is specified for worst case mounting conditions, i.e., 0 jA is specified for device 
in socket for P-DIP package. 


ELECTRICAL CHARACTERISTICS at V s = ±1 5V, T A = +25°C, unless otherwise noted. 






SSM-2024 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Positive Supply Current 


L_ kl (1 -4) = 0 V c = +15V 

0.95 

1.40 

1.85 


GO 

'con 0-4) -° V s = ± 1 6.SV 

1.05 

1.55 

2.05 

mA 



L_ k1 (1 -4) - 0 V c -+15V 

1.05 

1.55 

2.05 


Negative Supply Current 

'SY 

•con O’ 4 ) -° V S = ±16.5V 

1.20 

1.65 

2.25 

mA 

Gain 

G 

l CON (1-4) = ±500pA 

3842 

4085 

4330 

pmhos 

Gain Matching 

AG 

I C on( 1 - 4 ) = ±500 ^ a 

- 

- 

±6 

% 

Input Offset Voltage 

v os 

V in = 0V W 1 * 4 )^ 500 ^ 
l CON (1-4) = + 250pA 

- 

±.4 

±1.3 

mV 

Change in Offset Voltage 

AV os 

+2.5pA < l CQN (1 -4) < +250pA 
+250nA < l CQN (1 -4) < +250pA 

- 

±100 

±250 

±840 

±840 

pV 

Output Leakage 

'OL 

8 

z 

o 

- 

0.1 

±5 

nA 

Control Rejection (Untrimmed) 

CVR 

l C ON ( 1-4 ) ~ SOOpA 

V(n (1‘4) =40mVp- P 

30 

41.5 

- 

dB 

Signal-to-Noise 

S/N 

V |N (1-4)=40mV P -p 

- 

82 

- 

dB 

Distortion 

THD 

V |N (1"4) = 40mV P -p 

- 

0.3 

- 

% 

Threshold Input Control Voltage 

V TCI 

'ourO- 4 )- 0 

+ 160 

- 

+220 

mV 


NOTE: Specifications subject to change; consult latest data sheet. 


SIMPLIFIED SCHEMATIC (1 OF 4 AMPLIFIERS) 


v+ 
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THEORY OF OPERATION 

The SSM-2024 is a quad transconductance amplifier. Its volt- 
age-in/current-out transfer functions are controlled by ground 
referenced linear current inputs. As shown in the simplified 
schematic, the control current is mirrored in the input stage current 
source. This sets the operating level for the input differential pair. 
The operating level established by 1 CON trol wil1 determine the 
slope of the l 0UT /V |N transfer characteristic. Each independent 
device is configured as a noninverting transconductance amplifier 
and rated for ±1 5V operation. 

SIGNAL INPUTS 

The signal inputs offer the best offset and control rejection when 
shunted with 200 Q to ground. This resistor along with R, N form the 
voltage divider to scale the input signal. Select R, N to set the 
maximum operating level for the largest input signal. 

This selection will determine the VCAs operating levels which 
have tradeoffs as shown in Figures 1 and 2. As the input signal 
level is increased, the effective signal-to-noise and control re- 
jection will increase (improve). However, a larger input signal also 
means moreTHD. 


The signal at the input of the device will be: 



200 \ 
R,im + 200/ 


(where V |N is the applied input). The circuit transconductance 

WVin's: 


3rn = 8.17 L 


•OUT 

V ' 


Therefore, the output current expressed as a function of the 
control current and the applied input signal is: 


'out = 8 - 17, c 


/ — 200 — V 
\R IK1 + 200/ 


A graph of some typical operating levels is shown in Figure 3. 
Note this plot is for a general application where 


^IN ~ ^CONTROL 


■10kQ 


For output voltage vs. V (N see the right axes of the graph using 
R OUT =10k£2. 


CONTROL INPUTS 

Each control input is a low impedance, ground referenced linear 
current control input. When operated in its active region, input 
impedance is approximately 250Q. When operating with an 
applied control voltage, connect a series resistor. Select R C0N 
so V C0NTR0L max/R C0N is no more than 500|iA. 


*o 

i 

z 

% 



FIGURE 1 : Text for figures is italic, normal 



FIGURE 2 


T a = + 25 C 800 


8 

V S = ± 15 V 



R IN = 10 kft 6(X) 

/ 

6 

400 

/ 

4 I 

_ 200 


2 5 

jj - 10 - 9 - 8 - 7 - 6 - 5 - 4 - 3 - 2-1 


CC 

> i 1 i 111111 

1 23456789 

° 1 

| / 


g 

y <200 


-2 > 

-400 • 

A) ICONTROL = 500 nA 

-4 > 


B) ICONTROL = 200 |iA 



C) ICONTROL = 100(1 A 


/ -600 - 


-6 

' -800 - 


-8 

Iqut : 

= (MA) 



FIGURE 3: SSM-2024 g m = l QUT /V IN 
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The VCA will turn completely off as the control voltage drops 
below approximately 200mV. The control pin can go as low as 
V- with no adverse effects. Control voltages usually do not ex- 
ceed 10V. It is possible to operate at higher voltages with cur- 
rent limiting. If the control pin is shorted directly to V+, however, 
the power dissipation rating of the package will be exceeded 
within 1 0 to 20 seconds. 

OUTPUTS 

The SSM-2024 is a current output device. Operating in the cur- 
rent mode as virtual grounds, the outputs have a voltage compli- 
ance of only about 500mV. For large output voltages an op amp 
is used as a current-to-voltage converter as shown in Figure 4. 
Selecting R QUT will determine the output voltage range as 

^out = *out (^out)- 

The outputs can be used directly in many applications where 
voltage ranges are small, such as the exponential input of a 
voltage-controlled filter or other logarithmic-control voltage de- 
vices. 

Outputs are conveniently located together at the center of the 
package for easy connections in signal summing applications. 

DISTORTION 

As shown in Figure 2, operation at higher signal levels will in- 
crease THD (Total Harmonic Distortion). For many applications 
such as control paths where a single input signal is being proc- 
essed, distortion effects are minimal. This is because distortion 
only slightly alters the harmonic structure of a saw, pulse or tri- 
angle shaped waveform already rich in harmonics. 

In the final VCA, however, where two or more signals are pres- 
ent, the effects of IMD (Intermodulation Distortion) become more 
significant. Intermodulation distortion is unwanted sideband 
signals produced by the circuit at frequencies that are the sums 
and differences of the harmonics present at the inputs. 

In a Class A VCA, IMD will increase with increasing input signal 
level at the same rate as THD. For such applications, we recom- 
mend use of the SSM-2024 at signal levels corresponding to THD 
of no more than 0.3% (see Figure 2). 

APPLICATIONS 

The following examples were developed for musical instrument 
applications but also illustrate general methods of use. Applica- 
tions for the SSM-2024 are numerous in programmable music 


systems. A waveform mixer following tone sources is shown in 
Figure 4. This type of mixer can be configured in several ways to 
allow the various waveforms and tone sources to be mixed un- 
der program control. Choice of mixer configurations depends 
on system philosophy and the number of tone and noise sources 
to be considered. 

The SSM-2024 can also be used as the final VCA/volume and 
filter controls: This would make keyboard tracking and envelope 
sweep programmable. 
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FIGURE 5: Modulation Oscillator 


A practical modulation oscillator is shown in Figure 5. Here, the A VCA with programmable amplitude modulation control is shown 
device is used in the circuit to control the oscillator frequency in Figure 6. This circuit also exhibits direct interface to the SSM- 
and the amount of modulation signal onto the modulation buses. 2044 VCF without adding an op amp or offset adjustments. 


7 



FIGURE 6: VCA with Amplitude Modulation 
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Two of the SSM-2024 channels can be used with the SSM-2220 
dual PNP transistor in an exponential cross-fade circuit. Figure 
7 shows how the PNP splits a common linear control current ac- 
cording to the bias of the PNP pair. Here, the voltage called 
“exponential cross-fade control” will determine the relative 
amount of the two signals at the inputs of the VCAs in the mix. 

The transfer characteristic of this circuit is shown in Figure 8. 
This plot is normalized to the balance point where each VCA 
has equal current (250pA). This is plotted as the OdB or unity- 


gain point. As the control voltage is swept positive or negative, 
the control current in each VCA is varied logarithmically. As the 
control voltage is increased, VCA B receives increased current 
as VCA A’s current attenuates at a more rapid logarithmic rate. 
This applies inversely for decreasing control voltages. At the 
maximum positive or negative control voltages, VCA B or VCA A 
receives virtually all 500pA and is 6dB above the balance point. 

To operate a single VCA with exponential control sensitivity, 
simply ground the collector of the unused PNP. 


VccADSR OUT or 
MASTER VOLUME 



FIGURE 7: Exponential Cross-Fade Controller 



-200 -150 -100 -30 0 50 100 150 200 

^CONTROL ( mV ) 


FIGURE 8: Normalized Transfer Characteristic of a Exponen- 
tial Cross-Fade Controller 


7-98 SPECIAL FUNCTION AUDIO PRODUCTS 


REV. A 





ANALOG 

DEVICES 


True RMS-to-DC 
Converter 


SSM-2110 


FEATURES 

* Multiple Output Options (Absolute Value, RMS, Log RMS, 
Log Absolute Value, Average Absolute Value) 

* Wide Dynamic Range lOOdB 

* Prebias Option for Fast Response at Low Signal Levels 

* On-Chip Log Output Amplifier 

* Optional Internal Log Output Temperature 
Compensation 

* Low Drift Internal Voltage Reference 

* Low Cost 


APPLICATIONS 

* Audio Dynamic Range Processors 

* Audio Metering Systems 

* Digital Multimeters 

* Noise Testers 

* Panel Meters 

* Power Meters 

* Process Control Systems 


GENERAL DESCRIPTION 

The SSM-21 1 0 is a true RMS-to-DC converter designed to pro- 
vide multiple linear and logarithmic output options. The linear 
outputs, true RMS and absolute value, can be obtained simulta- 
neously with the absolute value output configurable to give a peak 
function. The logarithmic outputs can provide log RMS, log ab- 
solute value or log average absolute value. Full on-chip tem- 
perature compensation is available for each output option. 

Continued 


PIN CONNECTIONS 


ABSOLUTE VALUE [T 

• ^ 

Til PREBIAS 

L0G absval U 


if] INPUT 

Vref El 


H] V+ 

GND [T 


H]n.c. 18-PIN PLASTIC DIP 

RMS.[T 


lv- (P-Suffix) 

log rms Ul 


1]Crms 

BASE |T 


ID LOG scale 

EMITTER [T 


TT| -LOG IN 

LOGOUT [F 


To] 4-log in 


FUNCTIONAL DIAGRAM 


ABSOLUTE 

LOG OUT VALUE C RMS V+ RMS 



The SSM-21 1 0 has been granted mask work protection under the Semiconductor Chip Protection Act of 1 983. 
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GENERAL DESCRIPTION Continued 

The SSM-21 1 0 has adynamic range of 1 0OdB. A unique on-chip 
prebias circuit enables the users to trade dynamic range at low 
signal levels for a faster response time. As a precision level 
detector, the SSM^21 10 has applications in digital multimeters, 
panel meters, process control and audio systems. 


ORDERING INFORMATION 


PACKAGE 

OPERATING 

PLASTIC 

TEMPERATURE 

18-PIN 

RANGE 

SSM2110P 

-25°C to +75°C 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ±18V 

Storage Temperature Range -65°C to +150°C 

Lead Temperature Range 

(Soldering, 60 sec) +300°C 

Junction Temperature +150°C 

Operating Temperature Range -25°C to +75°C 

PACKAGE TYPE © 1A (Note1) © JC UNITS 

18-Pin Plastic DIP (P) 75 33 °C/W 

NOTE: 


1 . © jA is specified for worst case mounting conditions, i.e., © jA is specified for device 
in socket for P-DIP. ! 


ELECTRICAL CHARACTERISTICS at V s = ± 1 5V, T a - +25°C and R SCALE = 4.7kft, unless otherwise noted. 






SSM-2110 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Dynamic Range 

DR 

30nA_ „ < l INn n < 3mA. n 

p-p INp-p p-p 

100 

110 

- 

dB 

Unadjusted Gain 


l |N = ±1mA 

0.95 

1.0 

1.05 


Error (Mean or RMS) 



- 

- 

±0.5 

dB 

Output Offset Current 

'oos 

l |N = ±1mA 

- 

5 

15 

nA 

*OS Shift 

Al oos 

^PREBIAS = 

- 

50 

120 

nA 



For 0.1 dB Additional Error 

i- 

2.5 

_ 


Crest Factor <§> 1 mA RMS 

CF 

For 0.5dB Additional Error 

- 

5 

- 



For 1 .OdB Additional Error 

- 

8 

- 


RMS Filter Time Constant 

*CON 

'rms >10 * iA rms 


11kOxC |NT 



Frequency Response (Sine Wave) 


'lN >1mA RMS 

. 

400 



For 0.1 dB Additional Error 


l IN >10 » lA RMS 

- 

10 

- 




'in >1 ^ a rms 

- 

2 

- 




'lN >1mA RMS 

- 

1000 

- 


For 0.5dB Additional Error 

BW 

’in > 1 3 ^ a rms 

- 

50 

- 

kHz 



'in >1 ^ a rms 

- 

7.5 

- 




'lN >1mA RMS 

- 

1500 

- 


-3dB Bandwidth 


'in> 10 H a rms 

- 

300 

- 




'in >1 ^ a rms 

- 

50 

- 


Log Amp Output Offset Current 
(Pin 9) 

*OOS -LOG 


- 

±3.3 

±13 

pA 

Max Log Amp Output (Pin 9) 

’OUT -LOG 


±250 

±265 

±288 

pA 

Log Scale Factor 
(Pin 2 or Pin 6) 



- 

+6 

- 

mV/dB 

Log Mode Zero Crossing 
(Mean or RMS, Pin 9) 


RMS In To Get Zero Out (See Figure 7) 

- 

10 

- 

pA 

Log Amp Linearity (Pin 9) 


-240mV<V p|N10 -V p|N11 < + 240mV 

- 

0.1 

0.25 

dB 

Log Output Tempco 

T c 

0°C<T a <+70°C 

- 

±75 

- 

ppm/°C 

V REF (Pin 3 to V-) 



6.7 

7.5 

7.8 

V 
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ELECTRICAL CHARACTERISTICS at V s = ± 1 5V, T a = +25°C and R SCALE = 4.7kQ, unless otherwise noted. Continued 

- SSM-2110 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Positive Supply Current 

's + 

i - n 

480 

_ 

920 

pA 

Negative Supply Current 

's- 

'in ~ u 

2.1 

- 

3.3 

mA 

Supply Voltage Range 

v s 


±12 

- 

±18 

V 


Specifications subject to change; consult latest data sheet. 



•OPTIONAL PREBIAS CONNECTION, SEE TEXT 
Vrms = V IN-RMS 

r IN 

TYPICAL VALUES: 

R, n = 101 cfl 
r rms = 10k “ 

C| N = 0.8jiF 
C RMS = 'PF 


FIGURE 1 : RMS Output Circuit 


THE RMS COMPUTING LOOP 

The RMS section of the SSM-21 1 0 consists of an implicit RMS 
computing loop whose output follows the equation: 



lo 


For the circuit in Figure 1 , the peak-to-peak ripple approximately 
follows the equation: 


V RIPPLE(p-p) = 


2^2 x Vrms 
4tc f R| NT C rms 


x 


r rms 

Rin 


where R| NT « 10.8kQ 


where lo is the average of lo 

The time constant for averaging is determined by the value of 
the averaging cap C RMS (on pin 1 3) and an internal resistor whose 
effective value is 1 0.8kQ. A very low leakage capacitor must be 
used for C RMS to prevent limiting the dynamic range. 

Increasing the value of C RMS will result in lower levels of ripple on 
the RMS Output at the expense of an increase in settling time for 
a step change in the input signal amplitude. This is a proportional 
relationship where increasing the value of C RMS tenfold results in 
a tenfold increase in the settling time. 


The settling time of the SSM-21 1 0 also depends on the frequency 
of the signal being processed. It takes approximately 1 00ms for 
a 300pAp-p, 50Hz signal to settle within 0.1 % when C RMS = 1 pF, 
and it takes 1 0ms for a 500Hz signal to settle within the same 
value. The general rule is a tenfold increase in frequency causes 
a tenfold reduction in settling time. The settling time also varies 
with the amplitude of the signal. The larger the signal level the 
faster the settling time. 
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INPUT 

The INPUT (pin 1 7) is an AC virtual ground with approximately 
+1 .3V DC offset voltage. The useful dynamic range of input 
current the device can process is 1 0OdB (3mAp-p to 30nAp-p). The 
input RC network is usually chosen to allow close to 20dB of 
headroom in order to process high crest factor signals and pro- 
vide a DC block below a given frequency band. Since in every 
case the ratio of R QUT (R AV and R rms ) to R |N determines the 
overall gain of the circuit, R QUT must also be considered when 
selecting the low frequency breakpoint. The maximum recom- 
mended values for R QUT vary from 4k£2 to 1 0kQ for the circuits in 
Figures 1,3,4, and 5. 

Referring to the circuit in Figure 3, and assuming a gain of 1 is 
desired, R |N should be set to 4kQ (R rms and R AV = 4kQ). Based 
on this value of R |N , C |N should be 2pF to place the subsonic filter 
pole at 20Hz. If you wish to limit the lower frequency to some- 
thing other than 20 Hz then C, N should be changed accordingly. 
The low frequency pole is governed by the simple equation 

*MIN = 1/27tR IN C IN. 

C |N should be a very low leakage capacitor to avoid impairing 
the dynamic range at low signal levels (many electrolytic types 
will not work). 

The choice of R 1N = 1 OkQ in Figure 1 is good for processing OdBV 
reference signals. Given a nominal signal level of OdBV (2.828 Vp- 
p = 1 v rms)’ this vo,ta 9 e across the 1 0kQ input resistor gives a 
nominal input current of 283pAp-p, which allows 20dB of head- 
room. The three other common choices for R |N are 4kQ, 5kQ and 
8kQ, which provide 12dB, 14dB, and 18dB respectively. 

The values of C |N , R |N and R QUT can be changed accordingly to 
vary output levels to system requirements. 



-1 OOdB -80dB -60dB -40dB -20dB 

10nA lOOnA 1|iA 10|iA IOOjiA 

INPUT CURRENT 


FIGURE 2: Normalized Time Constant Relative to 1mA RMS 

The PREBIAS pin (pin 1 8), can be used to increase the speed of 
the RMS computing loop at low signal levels at some expense to 
the dynamic range. Below a 1 0pA RMS input level, the time con- 
stant of the RMS loop will increase from its nominal value by a 
factor of 1 0 for every 20dB drop in level. 

By use of the PREBIAS pin, one can ensure that the loop time 
constant will not increase above a chosen maximum as the sig- 
nal level continues to decrease. The equation relating the maxi- 
mum time constant increase to the value of R pREB | AS connected 
between pin 1 8 and V- is given by: 

IMAX _ IQuAxfWs (See Rgure 2) 
x NOM 6.8V 



**C AVG CAN BE ADDED TO AVERAGE THE ABSOLUTE VALUE 


v av = -|v in i”av 
"IN 


FIGURE 3: Simple RMS/Absolute Value/Average Absolute Value Configuration 
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C AVQ 



v av = I V| nI^ V 

TYPICAL VALUES: 
R in =8KD 
R av - 8kH 
C|N = I^F 


FIGURE 4: Absolute Value and Average Absolute Value Output 



Rim s 5kQ 
Rout = 

C| N = 1-5|iF 

C HOLD * 


FIGURE 5: Peak Voltage Output 
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LINEAR OUTPUTS (ABSOLUTE VALUE AND RMS) 

The instantaneous absolute value of the input signal appears as 
a current absolute value pin (pin 1 ). The true RMS value of the 
input signal similarly appears as a current into the RMS pin (pin 
5). With ±15 volt supplies, the voltage compliance on these 
outputs is from +15 to -6 volts. For simple applications it is 
possible to convert these currents to negative output voltages 
by connecting a resistor in series with the pin(s) to ground (see 
Figure 3). For a maximum 3mAp-p input signal, the resistor(s) 
value should be 4.0k£2 or less. To obtain an average of the abso- 
lute value output, capacitor C AVG can be added in parallel with 
^av- 

More commonly, a positive going voltage at low impedance is 
desired as an output. This can be accomplished by connecting a 
linear output pin to the virtual ground of an op amp configured as 
a current-to-voltage converter (see Figures 1 and 4). The scale 
factor for the conversion is determined by the value of R, N and the 
feedback resistor (R rms or R AV ). 

For the absolute value circuit in Figure 4, a maximum feedback 
resistor (R AV ) of 8kQ allows maximum swing of the SSM-2131 
output amplifier. Given a maximum output signal of 1 -5mA pEAK 
the SSM-21 31 will be able to swing to +1 2V. If values larger than 
8kft are used, then signal clipping may result. 

For the RMS output circuit in Figure 1 , the maximum feedback 
resistor (R rms ) can be 10kQ since the RMS level should never 
exceed 1 .2mA. 

A peak output can be implemented by using the circuit in Figure 
5. The output scale factor is determined by R 0UT /R, N - The decay 
time constant is equal to the product Rqut^hold- For this circuit » 
the feedback resistor (R 0UT ) should be kept below 5kft. 

A small capacitor (lOpF) is usually added in parallel with the 
feedback resistor for stability particularly if a high slew rate JFET 


input op amp is used. In Figure 4, this capacitor (C AVG ) can be 
made large to obtain an average of the absolute value output. If 
the averaging circuit is implemented then R |N can be increased 
to a maximum of 1 0kQ since the 1 .5mA peaks will no longer be 
present. 

If the signal levels being processed are less than 3mAp-p then the 
above mentioned feedback resistors can be increased accord- 
ingly. 

The circuits in Figures 1 and 4 can be connected at the same 
time providing the user with multiple functions from a single SSM- 
21 1 0. R (N , R rms and R AV should be set so that clipping does not 
occur. 

The linear output pins must be kept within their voltage compli- 
ance range for proper device operations. An unused linear out- 
put must always be terminated, preferably to ground. 

LOG OUTPUTS (LOG rms AND LOG ABS VAL ) 

The log of the instantaneous absolute value and the log of true 
RMS of the input signal appears as voltages on pins 2 and 6 
respectively. However, these outputs must be buffered, level 
shifted and, in many applications, temperature compensated in 
order to be made useful. 

The log recovery transistor is an internal level shifting compo- 
nent which may be switched between the two log outputs. This 
will reference the log output(s) to the internal voltage regulator 
which is about 7.5V above the negative supply (see Figure 6). 

Figures 6, 7, and 8 show the recommended connection between 
the log output transistor Q 2 or Q 10 , and the log recovery transis- 
tor Q ir Note that although the log recovery transistor can be 
switched between the two log outputs, only one log output can 
be recovered at a time. With the resistor values R ref1 and R REF2 
shown, the output swing at the emitter of Q n over the dynamic 



* r ref1 , r REF2 , r rms and r scale are external resistors 


FIGURE 6: Log Recovery Circuit 
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-M- 

WSCALE \IreF1 X <REF2 

WHERE Irefi “ 

"REF1 

|REF2 * + 1mA 

R REF2 

TYPICAL VALUES: 

R in = lOkil 
C m = 0.8|iF 
R av s 15.9W2 

R SCALE = 4.7WI 
Rpgpi b 1.5MQ 
RREF2 * 430 kO 

Vloowv, = too 


*C AVQ CAN BE ADDED TO OBTAIN THE AVERAGE OF THE ABSOLUTE VALUE 


FIGURE 7: Log of Absolute Value/Average Absolute Value 


1 ABSOLUTE VALUE PREBIAS \ 


R.n C in 

wvHf-ov w 


-15V •==■ ^ R REF1 > R REF2 


•OPTIONAL PREBIAS CONNECTION, SEE TEXT 


w 0.148 x Rrms , \ R 

V LOQ(RMS) lOfl I 

r scale vIrefi 

WHERE l „ EF1 - ^ 1 V_ 
r refi 

*REF2 » p 7 ^ V + 3nA 
R REF2 

TYPICAL VALUES: 

R, N s lOkO 
Cm s 0.8(iF 
Rrms * 15.9W1 
R SCALE = 4.7kil 
R REF1 = 1-5MO 
RREF2 = 430W2 
Crms*1fF 


FIGURE 8: Log of RMS 
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range of the device will be roughly symmetrical about the inter- 
nal negative voltage reference. Also, the output impedance will 
be low enough to drive the log amplifier’s input(s) without intro- 
ducing significant errors. The bias current into the pins of the log 
amplifier is typically less than 1 pA but can be as high as 2pA. For 
this reason the current through the log recovery transistor Q n 
should always be set higher than 5pA. The current l REF1 should 
not be set too high (above 50pA) because the base current of 
Q 10 induces errors in the RMS computing loop. If higher reference 
currents are required then they should be taken care of by 
changing the current through Q 1 1 . This can be done by changing 
Rref 2 " The Lo 9 Recovery Amplifier Section explains this in more 
detail. 

The output sensitivity at EMITTER (pin 8) is about +60mV for 
every 1 0dB of signal level increase at 25°C. This sensitivity has 
a temperature coefficient of +3300ppm/°C. 

The log of absolute value output can be converted to a log of 
mean value by connecting a capacitor between LOG ABS VAL (pin 
2) and V- (see Figure 7). Since this is an emitter follower output, 
the response to a large-signal level increase will be fast while 
the time constant of the output following a large-signal level de- 
crease will be determined by the product of capacitor C AVG and 
resistor R REFr 

One might think that connecting a capacitor to the log output 
would produce the average of the log of the absolute value. 
However, since the capacitor enforces an AC ground at the 
emitter of the output transistor, the capacitor charging currents 
are proportional to the antilog of the signal at the base. Since the 
base voltage is the log of the absolute value, the log and the 
antilog terms cancel, and the capacitor is charged as a linear 
integrator with a current directly proportional to the absolute value 
of the input current. This effectively inverts the order of the av- 
eraging and logging operations. The signal at the output, there- 
fore, is the log of the average of the absolute value of the input 
signal. 

LOG RECOVERY AMPLIFIER (PINS 9,10,11 AND 1 2) 

The log recovery amplifier is a linearized voltage-to-current 
transconductor whose gain can be made proportional to abso- 
lute temperature. It is used to reference the log output(s) to ground 
and also to temperature compensate the V T (KT/q) terms in the 
log output recovery transistors (Q 2 /Q 10 and Q^). 

One input Of the log recovery amplifier is usually connected to 
EMITTER (the emitter of the log recovery transistor-pin 8) while 
the other is connected to V REF (pin 3). 

Figure 6 shows the internal and external connections used to 
obtain an output voltage equal to V LOG(RMS) . The transfer char- 
acteristic of the log recovery transistors is given by the following 
equation: 

AV,N = V T x lnf V|N(RMS > /RlN>2 | 

\ Irefi X IREF2 / 


where, l REF1 = ) 

f 8.1 V \ 
|R refi I 

•rEF2 = | 

f 7 - 5v ) 

'RREF2' 


The transfer characteristic of the log recovery amplifier is given 
by the following equation: 


•out = 


64mV AV|n 
r scale v t 


Combining the two equations yields the overall transfer charac- 
teristic for the ouput voltage V LOG(RMS) : 


VlOG (RMS) = 


0.148 xRrms 

R SCALE 


x log 


( Vin/Rin) 2 \ 
Irefi x Iref2/ 


where, 



Ideally this voltage is completely independent of temperature. 
However, due to the temperature coefficient of several transis- 
tors internal to the SSM-21 1 0, this is not entirely true. The tem- 
perature coefficient is approximately ±75ppm/°C. 

With the values shown in Figures 7 and 8, this transfer function 
corresponds to an output change of 50mV/dB. The reference 
current is set to lOpA to provide the widest possible dynamic 
range. The following results can be expected for the circuit in 
Figure 8: 


v 

v IN (RMS) 

100nV 

ImV 

10mA 

lOOmV 

IV 

10V 

*IN (RMS) 

10nA 

lOOnA 

1nA 

10*iA 

100hA 

1mA 

V LOGOUT 

-3V 

-2V 

-IV 

OV 

IV 

2V 


An R scale value of approximately 4.7kQ gives the best overall 
linearity and temperature compensation performance. This is an 
improvement of about a factor of 40 over the uncompensated 
drift. A 2kQ, resistor in series with a silicon diode can be connected 
from LOG SCALE (pin 1 2) to the negative supply to defeat the 
temperature compensation for certain applications such as 
compressor/limiters where the log drift will cancel the thermal 
gain drift of a VCA's dB/volt control port. 

The maximum output current for both the compensated and 
uncompensated examples above is ±250pA. This output current 
is converted to a voltage with the circuits in Figures 7 and 8. For 
these circuits this corresponds to a maximum output voltage of 
±3. 975V. If R scale is changed from the nominal value of 4.7k£2 
the maximum output current will also change by the following 
equation: 

I LOG OUT (MAX) = 

Rscale 

If the log recovery amplifier is not used, +LOG IN (pin 1 0) and - 
LOG IN (pin 1 1 ) must be connected to V REF (pin 3) for proper 
operation of the rest of the circuit. 

It is possible to use one of the log configurations in Figure 7 or 8 
in conjunction with the linear output circuits (Figures 1 , 3, 4 and 
5) but care must be taken in choosing the appropriate resistor 
values. This provides the user with substantial flexibility from a 
single device. 
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FIGURE 9: Error Trimming 


ERROR TRIMMING 

The offset, reference and scale factor trims (Figure 9) can be 
used to improve the overall accuracy of the device. The correct 
procedure for trimming out the various errors is as follows. First, 
+LOG IN (pin 1 0) and -LOG IN (pin 1 1 ) should be connected to 
V REF (pin 3). The offset trim should be adjusted to achieve 0V at 
the V L0G(RMS) output. This nulls out any DC errors due to offsets 
in the log recovery amplifier. Second, reconnect the ±LOG IN 
pins as shown in Figure 9. Apply an input signal of 100mV RMS 
(1 0pA RMS ). Adjust the reference trim to obtain 0 V at the V L0G(RMS) 
output. This compensates for the input bias current of the log 


recovery amplifier and other errors. It sets the reference current 
to lOpA. Third, change the input signal to 1V RMS (100pA RMS ). 
Adjust the scale trim to obtain 1 .000V at the V L0G(RMS) output. This 
adjusts the scale factor to obtain 1 V/20dB (50mV/dB). If other 
reference currents or scale factors are used then steps 2 and 3 
will have to be changed accordingly. 


This same procedure can be used for the log absolute value and 
log average absolute value configurations. If the log recovery 
amplifier is not used then the circuit in Figure 1 0 should be used 
to trim the offsets. 
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FIGURE 10: Offset Trimming 
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IS 


V p 

vr 

2 • V p 

K 

V2 = 1.414 

v P 

v P 

1 

v P 

S3 

v P 

vT 

■/3 = 1.732 

RMS 

J\ xRMS 

Typically varies from 1 to 6 de- 
pending on the characteristic of 
the noise. Theoretically, the 
crest factor is unlimited. 


1 Crest Factors for Different Waveforms 
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TYPICAL APPLICATIONS 

AUTOMATIC GAIN CONTROL (AGC) AMPLIFIER 

The automatic gain control amplifier shown below features se- 
lectable gain reduction compression ratios and time domain 
adjustable AGC attack and release. The design employs the 
SSM-2013 VCA, SSM-2110 true RMS-to-DC converter, two 
SSM-21 34 low noise op amps and an OP-21 5 FET input op amp. 

For additional information about this circuit, please see appli- 
cation note AN-116. 
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ANALOG 

DEVICES 


Dynamic Range 
Processors/Dual VCA 


SSM-21 2Q/SSM-21 22 


FEATURES 


GENERAL DESCRIPTION 


• 0.01% THD at +10dBV In/Out 

• lOOdB VCA Dynamic Range 

• Low VCA Control Feedthrough 

• lOOdB Level Detection Range 

• Log/Antilog Control Paths 

• Low External Component Count 


APPLICATIONS 

• Compressors 

• Expanders 

• Limiters 

• AGC Circuits 

• Voltage-Controlled Filters 

• Noise Reduction Systems 

• Stereo Noise Gates 


ORDERING INFORMATION 


PACKAGE 


OPERATING 

PLASTIC 

PLASTIC 

TEMPERATURE 

16-PIN 

22-PIN 

RANGE 

SSM2122P 

SSM2120P 

-10°C to +50°C 

SIMPLIFIED SCHEMATIC (VCA Section Only) 


v+ 




V- 


The SSM-21 20 is a monolithic integrated circuit designed for the 
purpose of processing dynamic signals in various analog sys- 
tems including audio. This “dynamic range processor” consists 
of two VCAs and two level detectors (the SSM-21 22 consists of 
two VCAs only). These circuit blocks allow the user to logarith- 
mically control the gain or attenuation of the signals presented 
to the level detectors depending on their magnitudes. This al- 
lows the compression, expansion or limiting of AC signals, some 
of the primary applications for the SSM-21 20. 


PIN CONNECTIONS 


THRESH 1 [T 

• ^ 

m GND 




LOG AVI [T 


2?) V+ 




con out1 GE 


20]SIG OU t 2 




s * g outi CT 


IE+Vc2 

GND [T 

• ^ 

16] GND 

*v c1 [I 


if] CFT 2 

S'Gouti U 


l|] V+ 

CFT 1 [T 


H-VC2 

+V C1 Cl 


H] S,G OUT2 

-V C 1 [I 


m SIG |N2 

CFT 1 [T 


m + v C2 

SIG, N i [I 


m rec ,n 2 

-VciU 


iU CFT 2 

REC 1N1 {T 


I3con OUT2 

S!G |N1 [T 


ID-v C2 

■ref Go 


U LOG AV 2 

•ref Cl 


H s«g IN2 

v- QT 


12] THRESH 2 

v- [T 


T] GND 

SSM-21 20 

SSM-21 22 

22-PIN PLASTIC DIP 

16-PIN PLASTIC DIP 

(P-Suffix) 


(P-Suffix) 


Protected under U.S. Patents #4,471 ,320 and #4,560,947. Other Patent Pending. The SSM-21 20/SSM-21 22 is mask work protected under the Semiconductor Chip 
Protection Act of 1983. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

+18V 

PACKAGE TYPE 

© jA (Note 1) 

®JC 

UNITS 

Operating Temperature Range 

... -10° to +55°C 

16-Pin Plastic DIP(P) 

86 

10 

°c/w 

Junction Temperature 

+150°C 

22-Pin Plastic DIP (P) 

70 

7 

°c/w 

Storage Temperature 

Maximum Current into Any Pin 

Lead Temperature Range (Soldering, 60 sec) 

ELECTRICAL CHARACTERISTICS at V { 

. -65° to +150°C 

10mA 

300°C 

5 = ±15V, T a = +25°C, 

NOTE: 

1 . © jA is specified for worst case mounting conditions, i.e., 0^ A 
device in socket for P-DIP. 

I REF = 200jiA, A v = 1 , unless otherwise noted. 

is specified for 

PARAMETER 

CONDITIONS 


SSM-21 20/SSM-21 22 

MIN TYP MAX 

UNITS 

POWER SUPPLY 

Supply Voltage Range 



±5 

- 

±18 

V 

Positive Supply Current 



- 

8 

10 

mA 

Negative Supply Current 



- 

6 

8 

fnA 

VCAs 

Max 'signal ( ,n/0ut ) 



±387 

±400 

±413 

pA 

Output Offset 



- 

±1 

±2 

pA 

Control Feedthrough (Trimmed) 

R| N = R out = 36kQ, A v < OdB < -30dB 

- 

750 

- 

pV 

Gain Control Range 

Unity-Gain 


-100 

- 

+40 

dB 

Control Sensitivity 



- 

6 

- 

mV/dB 

Gain Scale Factor Drift 



- 

-3300 

_ 

ppm/°C 

Frequency Response 

Unity-Gain or Less 


- 

250 

- 

kHz 

Off Isolation 

At 1kHz 


- 

100 

- 

dB 

Current Gain 

> 

o 

ii 

0 
> 

1 

II 

o 

> 

+ 


-0.25 

0 

+0.25 

dB 

THD (Unity-Gain) 

+10dBV IN/OUT 


- 

0.005 

0.02 

% 

Noise (20kHz Bandwidth) 

RE: OdBV 


- 

-80 

- 

dB 

LEVEL DETECTORS (SSM-21 20 ONLY) 

Dynamic Range 



100 

110 

- 

dB 

Input Current Range 



0.03 

- 

3000 

^p-p 

Rectifier Input Bias Current 



- 

4 

16 

nA 

Output Sensitivity (At LOG AV Pin) 



- 

3 

- 

mV/dB 

Output Offset Voltage 



- 

±0.5 

±2 

mV 

Frequency Response 







l IN= lmA p-p 



- 

1000 

- 


' IN -. -lOnAp.p 



- 

50 

- 

kHz 

■in-’MVp 



- 

7.5 

- 


CONTROL AMPLIFIERS (SSM-21 20 ONLY) 

Input Bias Current 



- 

85 

175 

nA 

Output Drive (Max Sink Current) 



5.0 

7.5 

- 

mA 

Input Offset Voltage 



- 

±0.5 

±2 

mV 

NOTE: 







1 . Specifications are subject to change; consult latest data sheet. 
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VOLTAGE-CONTROLLED AMPLIFIERS 

The two voltage-controlled amplifiers are full Class A current in/ 
current out devices with complementary dB/V gain control ports. 
The control sensitivities are +6mV/dB and -6mV/dB. A resistor 
divider (attenuator) is used to adapt the sensitivity of an external 
control voltage to the range of the control port. It is best to use 
200& or less for the attenuator resistor to ground. 

VCA INPUTS 

The signal inputs behave as virtual grounds. The input current 
compliance range is determined by the current into the refer- 
ence current pin. 

REFERENCE PIN 

The reference current determines the input and output current 
compliance range of the VCAs. The current into the reference 
pin is set by connecting a resistor to V+. The voltage at the refer- 
ence pin is about two volts above V- and the current will be 

I _ [ (v+) - (( V— ) +2V )] 

,R EF“ o 

h REF 


The current consumption of the VCAs will be directly propor- 
tional to l REF which is nominally 200pA. The device will operate 
at lower current levels which will reduce the effective dynamic 
range of the VCAs. With a 200pA reference current, the input 
and output clip points will be ±400pA. In general: 

I = +21 
'clip -^'ref 

VCA OUTPUTS 

The VCA outputs are designed to interface directly with the vir- 
tual ground inputs of external operational amplifiers configured 
as current-to-voltage converters. The outputs must operate at 
virtual ground because of the output stage’s finite output imped- 
ance. The power supplies and selected compliance range de- 
termines the values of input and output resistors needed. As an 
example, with ±15V supplies and±400pA maximum input and 
output current, choose R, N = R OUT = 36k£2 for an output compli- 
ance range of +14.4 V. Note that the signal path through the 
VCA including the output current-to-voltage converter is nonin- 
verting. 


BLOCK DIAGRAM (SSM-2120) 
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FIGURE 1 : Typical THD and Noise Performance 


VCA PERFORMANCE 

Figures 1 a and 1 b show the typical THD and noise performance 
of the VCAs over ±20dB gain/attenuation. Full Class A opera- 
tion provides very low THD. 

TRIMMING THE VCAs 

The control feedthrough (CFT) pins are optional control 
feedthrough null points. CFT nulling is usually required in appli- 
cations such as noise gating and downward expansion. If trim- 
ming is not used, leave the CFT pins open. 

Trim Procedure 

1 ) Apply a 1 00Hz sine wave to the control point attenuator. The 
signal peaks should correspond to the control voltages which 
induce the VCAs maximum intended gain and at least 30dB of 
attenuation. 

2) Adjust the 50kQ potentiometer for the minimum feedthrough. 

(Trimmed control feedthrough is typically well under 1mV RMS 
when the maximum gain is unity using 36kO input and output 
resistors.) 

Applications such as compressor/limiters typically do not require 
control feedthrough trimming because the VCA operates at unity- 
gain unless the signal is large enough to initiate gain reduction. 
In this case the signal masks control feedthrough. 

This trim is ineffective for voltage-controlled filter applications. 

LEVEL DETECTION CIRCUITS 

The SSM-21 20 contains two independent level detection circuits. 
F.ach circuit contains a wide dynamic range full-wave rectifier, 
logging circuit and a unipolar drive amplifier. These circuits will 
accurately detect the input signal level over a 1 0OdB range from 
30nA to 3mA peak-to-peak. 

LEVEL DETECTOR THEORY OF OPERATION 

Referring to the level detector block diagram of Figure 2, the 
REC |N input is an AC virtual ground. The next block implements 
the full-wave rectification of the input current. This current is then 
fed into a logging transistor (Q^ whose pair transistor (Q 2 ) has a 
fixed collector current of l REF . The LOG AV output is then: 



FIGURE 2: Level Detector 


7- 7 14 SPECIAL FUNCTION AUDIO PRODUCTS 


REV. B 




SSM-21 20/SSM-21 22 


Vlog AV=i^ ln( M) 
q \ Iref / 

With the use of the LOG AV capacitor the output is then the log 
of the average of the absolute value of l, N . 

(The unfiltered LOG AV output has broad flat plateaus with 
sharp negative spikes at the zero crossing. This reduces the 
“work” that the averaging capacitor must do, particularly at low 
frequencies.) 

Note: It is natural to assume that with the addition of the averag- 
ing capacitor, the LOG AV output would become the average of 
the log of the absolute value of l |N . However, since the capaci- 
tor forces an AC ground at the emitter of the output transistor, 
the capacitor charging currents are proportional to the antilog 
of the voltage at the base of the output transistor. Since the base 
voltage of the output transistor is the log of the absolute value of 
l |N , the log and antilog terms cancel, so the capacitor becomes a 
linear integrator with a charging current directly proportional to 
the absolute value of the input current. This effectively inverts 
the order of the averaging and logging functions. The signal at 
the output therefore is the log of the average of the absolute 
value of l |N . 

USING DETECTOR PINS REC IN , LOG. v , THRESH 
AND CON 0(jt 

When applying signals to REC |N (rectifier input) an input series 
resistor should be followed by a low leakage blocking capacitor 
since REC |N has a DC voltage of approximately 2.1V above 
ground. Choose R |N for a ±1 .5mA peak signal. For ±1 5V opera- 
tion this corresponds to a value of 1 0kQ. 

A 1 .5MQ value of R ref from log average to -1 5V will establish a 
10|iA reference current in the logging transistor (Q.,). This will 
bias the transistor in the middle of the detector’s dynamic cur- 
rent range in dB to optimize dynamic range and accuracy. The 
LOG AV outputs are buffered and amplified by unipolar drive op 
amps. The 39kft, 1 kO resistor network at the THRESH pin pro- 
vides a gain of 40. 

An attenuator from the CON QUT (control output) to the appropri- 
ate VCA control port establishes the control sensitivity. Use 
200Q for the attenuator resistor to ground and choose R C0N for 
the desired sensitivity. Care should be taken to minimize capaci- 
tive loads on the control outputs CON our If long lines or capaci- 
tive loads are present, it is best to connect the series resistor 
R con as closely to the CON out pin as possible. 

DYNAMIC LEVEL DETECTOR CHARACTERISTICS 

Figures 3 and 4 show the dynamic performance of the level 
detector to a change in signal level. The input to the detector (not 
shown) is a series of 500ms tone bursts at 1 kHz in successive 
lOdBV steps. The tone bursts start at a level of -60dBV (with 
R |N =10k) and return to -60dBV after each successive 10dB 
step. Tone bursts range from -60dBV to +10dBV. Figure 3 
shows the logarithmic level detector output. The output of the 
detector is 3mV/dB at LOG AV and the amplifier gain is 40 which 
yields 120mV/dB. Thus, the output at CON out is seen to in- 
crease by 1 .2V for each 1 0dBV increase in input level. 

DYNAMIC ATTACK AND DECAY RATES 

Figure 4 shows the output levels overlayed using a storage 



FIGURE 3: Detector Output 



FIGURE 4: Overlayed Detector Output 


scope. The attack rate is determined by the step size and the 
value of C AV . The attack time to final value is a function of the 
step size increase. The chart of Figure 5 shows the values of 
total settling times to within 5, 3, 2 and IdB of final value with 
C AV = 1 OpF. When step sizes exceed 40dB, the increase in set- 
tling time for larger steps is negligible. To calculate the attack 
time to final value for any value of C AV , simply multiply the value 
in the chart by C AV /I OpF. 

The decay rates are linear ramps that are dependent on the 
current out of the LOG AV pin (set by R ref ) and the value of C AV . 
The integration or decay time of the circuit is derived from the 
formula: 

Decrementation Rate (in dB/s) = F X 333 

Cav 



5dB 

3dB 

2dB 

IdB 

10dB Step 

1 1 .28ms 

21.46 

30.19 

46.09 

20dB Step 

16.65 

26.83 

35.56 

51.46 

30dB Step 

18.15 

28.33 

37.06 

52.96 

40dB Step 

18.61 

27.79 

37.52 

53.42 

50dB Step 



(+144ps) 


60dB Step 



(+46ps) 



FIGURE 5: Settling Time (t s ) for C AV = 10\iF, t s ' = t s (C A v / 
10fiF) 
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a) CONTROL CIRCUIT b) TYPICAL DOWNWARD EXPANDER 

CONTROL CURVE 


THRESHOLD 



'LOWER LIMIT CAN BE FIXED BY CONNECTING 
A RESISTOR R LL FROM REC, N TO GROUND 



FIGURE 6: Noise Gate/Downward Expander Control Circuit and Typical Response 


a) CONTROL CIRCUIT 



b) TYPICAL COMPRESSOR/LIMITER 
CONTROL CURVE 

THRESHOLD 



RESISTOR (R PV ) CONNECTED TO POSITIVE SUPPLY 


FIGURE 7: Compressor/Limiter Control Circuit and Typical Response 


APPLICATIONS 

The following applications for the SSM-21 20 use both the VCAs 
and level detectors in conjunction to assimilate a variety of func- 
tions. 

The first section describes the arrangement of the threshold 
control in each control circuit configuration. These control cir- 
cuits form the foundation for the applications to follow which 
include the downward expander, compressor/limiter and com- 
pandor. 

THRESHOLD CONTROL 

Figure 6a shows the control circuit for a typical downward ex- 
pander while Figure 6b shows a typical control curve. Here, the 
threshold potentiometer adjusts V T to provide a negative unipo- 


lar control output. This is typically used in noise gate, downward 
expander, and dynamic filter applications. This potentiometer is 
used in all applications to control the signal level versus control 
voltage characteristics. 

In the noise gate, downward expander and compressor/limiter 
applications, this potentiometer will establish the onset of the 
control action. The sensitivity of the control action depends on 
the value of R r 

For a positive unipolar control output add two diodes as shown 
in Figure 7a. This is useful in compressor/limiter applications. 
Figure 7b shows a typical response. 

Bipolar control outputs can be realized by adding a resistor from 
the op amp output to V+. This is useful in compandor circuits as 
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a) CONTROL CIRCUIT 


b) TYPICAL COMPANDOR 

CONTROL CURVES 




VALUES OF R PV AND R LU , RESPECTIVELY 


FIGURE 8: Compandor Control Circuit and Typical Curves 


a) CONTROL CIRCUIT 

THRESHOLD EXP. 



b ) INPUT/OUTPUT CURVE 


EXPANSION COMPRESSION 

THRESHOLD THRESHOLD 



FIGURE 9: Control Circuit for Stereo Compressor/Limiter with Noise Gating and Input/Output Curve 


shown in Figure 8a, with its response in Figure 8b. The value of 
the resistor R pv will determine the maximum output from the 
control amplifier. 

STEREO COMPRESSOR/LIMITER 

The two control circuits of Figures 6 and 7 can be used in con- 
junction to produce composite control voltages. Figures 9a and 
9b show this type of circuit and transfer function for a stereo 


compressor/limiter which also acts as a downward expander for 
noise gating. The output noise in the absence of a signal will be 
dependent on the noise of the current-to-voltage converter 
amplifier if the expansion ratio is high enough. 

As discussed in the Threshold Control section, the use of the 
control circuit of Figure 5, including the R pv to V+ and two di- 
odes, yields positive unipolar control outputs. 
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FIGURE 10: Companding Noise Reduction System 


COMPANDING NOISE REDUCTION SYSTEM 

A complete companding noise reduction system is shown in 
Figure 1 0. Normally, to obtain an overall gain of unity, the value 
of R c is equal to R E . The values of R c/E will determine the com- 
pression/expansion ratio. 

Table 1 shows compression/expansion ratios ranging from 
1 .5:1 to full limiting with the corresponding values of R c/E . 

An example of a 2:1 compression/expansion ratio is plotted in 
Figure 1 1 . Note that signal compression increases gain for low 
level signals and reduces gain for high levels while expansion 
does the reverse. The net result for the system is the same as 
the original input signal except that it has been compressed 
before being sent to a given medium and expanded after recov- 
ery. The compression/expansion ratio needed depends on the 
medium being used. As an extreme example, a household tape 
player would require a higher compression/expansion ratio than 
a professional stereo system. 



-80 -60 -40 -20 0 20 

INPUT SIGNAL LEVEL (dB) 


FIGURE 1 1 : Companding Noise Reduction with 2:1 Compres- 
sion/Expansion Ratio 


TABLE 1 


INPUT SIGNAL 
INCREASE (dB) 

GAIN 

(REDUCTION 

OR INCREASE) 
(dB) 

COMPRESSOR 

ONLY 

OUTPUT SIGNAL 
INCREASE (dB) 

EXPANDER 

ONLY 

OUTPUT SIGNAL 
INCREASE (dB) 

COMPRESSION/ 
EXPANSION RATIO 

r c/e ^ 

av control“ 

(mV/dB) 

20 

6.87 

13.33 

22.67 

1.5:1 

11,800 

2.0 

20 

10.00 

10.00 

30.00 

2:1 

7,800 

3.0 

20 

13.33 

6.67 

33.33 

3:1 

5,800 

4.0 

20 

15.00 

5.00 

35.00 

4:1 

5,133 

4.5 

20 

16.00 

4.00 

36.00 

5:1 

4,800 

4.8 

20 

17.33 

2.67 

37.33 

7.5:1 

4,415 

5.2 

20 

18.00 

2.00 

38.00 

10:1 

4,244 

5.4 

20 

20.00 

0 

40.00 

AGCVLimiter 

3,800 

6.0 

*AGC for Compression Only 







7-118 SPECIAL FUNCTION AUDIO PRODUCTS 


REV. B 






SSM-21 20/SSM-21 22 


AUDIO 

INPUT 


V+ THRESHOLD 



FIGURE 12: Dynamic Noise Filter Circuit 


DYNAMIC FILTER 

Figure 1 2 shows a control circuit for a dynamic filter capable of 
single ended (non-encode/decode) noise reduction. Such cir- 
cuits usually suffer from a loss of high-frequency content at low 
signal levels because their control circuits detect the absolute 
amount of highs present in the signal. This circuit, however, 
measures wideband level as well as high-frequency band level 
to produce a composite control signal combined in a 1 :2 ratio 
respectively. The Upper detector senses wideband signals with 
a cutoff of 20Hz while the lower detector has a 5kHz cutoff to 
sense only high-frequency band signals. This approach allows 
very good noise masking with a minimum loss of “highs” when 
the signal level goes below the threshold. 
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V THRESH atV+ 



WIDEBAND SIGNAL LEVEL (dB) 


b > V THRESH Cen,ered 



WIDEBAND SIGNAL LEVEL (dB) 


C ) V THRESH atV 



WIDEBAND SIGNAL LEVEL (dB) 


FIGURE 13: 3dB Filter Response 


Figures 1 3a-c show the filter’s 3dB frequency response with the 
threshold potentiometer at V+, centered, and V-. Data was 
taken by applying a 300Hz signal to the wideband detector and 
a 20kHz signal to the high-frequency band detector simultane- 
ously. These figures correspond to filter characteristics for 
50dB, 70dB and 90dB dynamic range program source material, 
respectively. The system could thus treat signals from anything 
ranging from 1/4” magnetic tape to high-performance compact 
disc players. 

Note that in Figure 1 3a the control circuit is designed so that the 
minimum cutoff frequency is about 1kHz. This occurs as the 
control circuit detects the noise floor of the source material. 

Dynamic filtering limits the signal bandwidth to less than 1kHz 
unless enough highs are detected in the signal to cover the noise 
floor in the mid- and high-frequency range. In this case the filter 
opens to pass more of the audio band as more highs are de- 
tected. The filter’s bandwidth can extend to 50kHz with a nomi- 
nal signal level at the input. At other signal levels with varying 
high-frequency content, the filter will close to the required band- 
width. Here, noise outside the band is removed while the per- 
ceived noise is masked by other signals within the band. Even in 
this system, however, a certain amount of mid- and high-fre- 
quency components will be lost, especially during transients at 
very low signal levels. This circuit does not address low fre- 
quency noise such as “hum” and “rumble.” 


7 - 120 SPECIAL FUNCTION AUDIO PRODUCTS 


REV. B 




SSM-21 20/SSM-21 22 



FIGURE 14: Dynamic Filter with Downward Expander 

DYNAMIC FILTER WITH DOWNWARD EXPANDER 

A composite single-ended noise reduction system can be real- 
ized by a combination of dynamic filtering and a downward ex- 
pander. As shown in Figure 14, the output from the wideband 
detector can also be connected to the +V C control port of the 
second VCA which is connected in series with the sliding filter. 
This will act as a downward expander with a threshold that 
tracks that of the filter. Although both of these techniques are 
used for noise reduction, each alone will pass appreciable 
amounts of noise under some conditions. When used together, 
both contribute distinct advantages while compensating for 
each other’s deficiencies. 

Downward expansion uses a VCA controlled by the level detec- 
tor. This section maintains dynamic range integrity for all levels 
above the user adjustable threshold level. As the input level 
decreases below the threshold, gain reduction occurs at an in- 
creasing rate (see Figure 15). This technique reduces audible 
noise in fade outs or low level signal passages by keeping the 
standing noise floor well below the program material. 

This technique by itself is less effective for signals with predomi- 
nantly low frequency content such as a bass solo where wide- 
band frequency noise would be heard at full level. Also, since 
the level detector has a time constant for signal averaging, per- 
cussive material can modulate the noise floor causing a “pump- 
ing” or “breathing” effect. 


The dynamic filter and downward expander techniques used to- 
gether can be employed more subtly to achieve a given level of 
noise reduction than would be required if used individually. Up 
to 30dB of noise reduction can be realized while preserving the 
crisp highs with a minimum of transient side effects. 



FIGURE 15: Typical Downward Expander I/O Characteristics 
at -30dB Threshold Level (1:1.5 Ratio) 


REV. B 


SPECIAL FUNCTION AUDIO PRODUCTS 7-121 






SSM-2 1 20/SSM-2 122 
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FIGURE 16: SSM-2122 Basic Connection (Control Ports at OV) 


FADER AUTOMATION 

The SSM-2120 can be used in fader automation systems to 
serve two channels. The inverting control port is connected 
through an attenuator to the VCA control voltage source. The 
noninverting control port is connected to a control circuit (such 
as Figure 6) which senses the input signal level to the VCA. 
Above the threshold voltage, which can be set quite low (for 
example -60dBV), the VCA operates at its programmed gain. 
Below this threshold the VCA will downward expand at a rate 
determined by the +V C control port attenuator. By keeping the 
release time constant in the 1 0 to 25ms range, the modulation of 
the VCA standing noise floor (-80dB at unity-gain), can be kept 
inaudibly low. 

The SSM-2300 8-channel multiplexed sample-and-hold 1C 
makes an excellent controller for VCAs in automation systems. 


Figure 1 6 shows the basic connection for the SSM-21 22 operat- 
ing as a unity-gain VCA with its noninverting control ports 
grounded and access to the inverting control ports. This is typi- 
cal for fader automation applications. Since this device is a pin- 
out option of the SSM-2120, the VCAs will behave exactly as 
described earlier in the VCA section. 

The SSM-2122 can also be used with two or more op amps to 
implement complex voltage-controlled filter functions. Biquad 
and state-variable two-pole filters offering lowpass, bandpass 
and highpass outputs can be realized. Higher order filters can 
also be formed by connecting two or more such stages in series. 
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Dolby Pro-Logic 
Surround Matrix Decoder 


SSM-21 25/SSM-21 26 


FEATURES 

Noise Generator and Autobalance Circuits are Con- 
tained On-Chip 
Autobalance On/Off Control 

4-Channel Pro-Logic and Dolby 3 (Surround Channel 
Defeat) Modes Available 

Selectable Center Channel Modes -Normal, Wideband, 
Phantom, Off 

Direct Path Bypass (Normal 2-Channel Stereo Mode) 
Wide Channel Separation 
Center to Left, Right Channels— 35 dB min 
(SSM-2125) 

Any Channel to Another— 25 dB min (SSM-2126) 
Wide Dynamic Range— 103 dB typ 
Low Total Harmonic Distortion — 0.02% typ 
Available in a 48-Pin Plastic DIP 
CMOS and TTL Compatible Control Logic 

APPLICATIONS 

Direct View and Projection TV 
Integrated A/V Amplifiers 
Laserdisc and CD-V Players 
Video Cassette Recorders 
Stand-Alone Surround Decoders 
Home Satellite Receiver/Descramblers 

GENERAL DESCRIPTION 

The SSM-2125 and SSM-2126 are Dolby* Pro-Logic Surround 
Decoders developed to provide multichannel outputs from 
Dolby Surround encoded stereo sources. 


Over 2000 major films and an increasing number of broadcasts 
are available in Dolby Surround. Surround encoding is pre- 
served in the stereo audio tracks of normal video discs, video 
cassettes, and television broadcasts, permitting the decoding to 
multichannel audio in the home. 

Major design considerations of the SSM-2125/SSM-2126 are ex- 
cellent audio performance and a high level of integration. In ad- 
dition to the Adaptive Matrix and Center Mode Control, also 
included on-chip are the Automatic Balance Control and Noise 
Generator functions. A complete Pro- Logic system can be real- 
ized using the SSM-2125/SSM-2126 and few external compo- 
nents. Using SSM’s extensive experience in the design of 
professional audio integrated circuits, the SSM-2125/SSM-2126 
offers typical 103 dB dynamic range and 0.025% THD. A direct 
path bypass mode allows normal stereo operation with high fi- 
delity without the need for external switching or parallel signal 
paths. 

The SSM-2125 is a premium grade that is selected to a mini- 
mum channel separation specification of 35 dB for the center to 
left and right channels, and 25 dB for the remaining channels. 
The standard grade, the SSM-2126, provides minimum channel 
separation of 25 dB from any channel to another. 

The SSM-2125/SSM-2126 is available only to licensees of Dolby 
Licensing Corporation, San Francisco, California, from whom 
licensing and application information must be obtained. 


FUNCTIONAL BLOCK DIAGRAM 


INPUTS 

LEFT 


RIGHT 



OUTPUTS 

LEFT 

CENTER 

RIGHT 

SURROUND 


* Dolby is a registered trademark of Dolby Laboratories Licensing Corpora- 
tion, San Francisco, California. 
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SSM-2125 

SSM-2126 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

CHANNEL SEPARATION 










Center 


C Input; R, L Outputs 

35 

48 


25 

35 


dB 



C Input; S Output 

25 

35 


25 

35 


dB 

Right 


R Input; L, C, S Outputs 

25 

35 


25 ' 

35 


dB 

Left 


L Input; C, R, S Outputs 

25 

35 


25 

35 


dB 

Surround 


S Input; L, R, C Outputs 

25 

35 


25 

35 


dB 

CHANNEL OUTPUT LEVEL 


V IN = 0 dB; L, R, C, S Output 



±0.5 



±0.5 

dBd 

TOTAL HARMONIC 










DISTORTION 

THD 

All Channels 


0.02 

0.1 


0.02 

0.1 

% 

SIGNAL-TO-NOISE RATIO 

SNR 

V IN = 0 V, CCIR2K/ARM 

All Channels 

-83 

-87 


-80 

-87 


dBd 

HEADROOM 

HR 

Clipping = 3% THD 

All Channels 

15 

16 


15 

16 


dBd 

BYPASS MODE 










DYNAMIC RANGE 


Clipping to Noise Floor 


104 



104 


dB 

NOISE SOURCE 










OUTPUT LEVEL 


All Channels 


-13.5 



-13.5 


dBd 

NOISE SOURCE OUTPUT 










LEVEL MATCHING 


Any Channel to Another 


1 



1 


dB 

AUTOBALANCE 










CAPTURE RANGE 



±3 

±3.8 

±6 


±3.8 


dB 

LOGIC THRESHOLD HI 


Relative to L REF 

+ 2.4 



+2.4 



V 

LO 





+0.8 



+0.8 

V 

OPERATING SUPPLY 










VOLTAGE 

V s 

Single Supply 


+ 12 



+ 12 


V 



Dual Supply 


±6 



±6 


V 

SUPPLY CURRENT 

IsY 

No Input Signal 


40 

50 


40 

50 

mA 

INPUT IMPEDANCE 

ZlN 

L, R Inputs 


5 



5 


kfl 

OUTPUT IMPEDANCE 

Zqut 

L, R, C, S Outputs 


600 



600 


a 


NOTE 

'0 dBd = 500 mV rms Dolby level output at any channel; Left and Right inputs: 500 mV rms (0 dBd); Center input: L = R = 354 mV rms (-3 dBd); 
Surround input: L = -R = 354 mV rms (-3 dBd). 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage +16 V or ±8 V 

Logic Inputs V+ to V- 

Storage Temperature Range -55°C to +125°C 

Operating Temperature Range -20°C to +70°C 

Junction Temperature +150°C 

Lead Temperature Range (Soldering, 60 sec) +300°C 

Thermal Resistance 1 

0 JA 38°C/W 

0 JC 14°C/W 

NOTE 

'Oja is specified for worst case mounting conditions, i.e., device in socket. 


ORDERING GUIDE 



Temperature 

Package 

Model 

Range 

Option 

SSM2125XXXP* 

-20°C to +70°C 

48-Pin P-DIP 

SSM2126XXXP* 

-20°C to +70°C 

48-Pin P-DIP 


NOTES 

Tor outline information see Package Information section. 

2 The SSM-2125/SSM-2126 is available only to licensees of Dolby Laborato- 
ries. Each customer will be assigned a special part number for ordering pur- 
poses. Contact local ADI sales office for further details. 
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Table I. External Component List 


Component 

Value 

Tolerance * 

Comment (Noncritical 
Unless Otherwise Noted) 

Cl 

0.1 fxF 



C2 

0.1 |jlF 



C3 

680 pF 



C4 

0.1 pF 



C5 

0.1 pF 



C6 

680 pF 



C7 

4.7 nF 

20% 

Standard Electrolytic 

C8 

0.22 jxF 



C9 

0.22 |jlF 



CIO 

0.33 iulF 


Film 

Cll 

0.33 fxF 


Film 

C12 

0.33 fxF 


Film 

C13 

0.33 p,F 


Film 

C14 

22 nF 


Film 

C15 

22 nF 


Film 

C16 

22 nF 


Film 

C17 

22 nF 


Film 

C18 

0.1 ijlF 



C19 

4.7 p.F 

20% 

Standard Electrolytic 

C20 

0.22 jxF 



C21 

0.22 |jlF 



C22 

10 |jlF 

20% 

Standard Electrolytic 

C23 

— 

— 

Not Needed 

C24 

10 nF 



C25 

10 nF 



C26 

10 nF 



C27 

100 jjlF 

>100 |xF 

Standard Electrolytic 

C28 

0.1 |xF 



C29** 

100 |xF 

>100 jjlF 

Standard Electrolytic 

C30** 

0.1 pF 



C31 

100 (xF 

>100 |j.F 

Standard Electrolytic 

C32 

0.1 jxF 



R1 

15 kD 

5% 


R2 

47 kO 

5% 


R3 

15 kH 

5% 


R4 

47 kll 

5% 


R5 

7.5 kO 

5% 


R6 

7.5 kH 

5% 


R7 

— 

— 

Not Needed 

R8 

— 

— 

Not Needed 

R9 

22 kH 

5% 


RIO 

22 kH 

5% 


Rll 

10 Mn 

5% 


R12 

22 kn 

5% 



NOTES 

*10% unless otherwise indicated. 

**Used only in Dual Supply Application Circuit. 


PIN CONNECTIONS 


vy 


CT5 [T * 
CT1 \T_ 

Vref [T 
v + [T 

CT4 

CAB [jT 
RT \T 
LT [T 
Lin [T 
r in [To] 

Nin m 
nc [TF 
v- [iF 
N OUT |TT 
v ref [T[ 
DM1 [nT 
DM2 |T 7 
DM3 [TF 
DM4 [TF 
CM1 [20 
CM2 |TT 
l ref [2F 
VRO [iF 
Lout [iT 


SSM-21 25/ 
SSM-21 26 

TOP VIEW 
(Not to Scale) 


\m 

CT2 

m 

CT3 


CT6 

0 

CFWR 

ED 

CFWL 

m 

CFWC 

m 

CFWS 

m 

bpl, n 

gi 

ACL2 

m 

ACL1 

0 

v ref 

m 

bp r in 

gj 

ACR2 


ACR1 

m 

ACC2 


ACC1 

n 

ACS2 

m 

ACS1 

m 

SoUT 

m 

CC1 

m 

CC2 

m 

V- 

m 

r OUT 

m 

C OUT 


NC = NO CONNECT 
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PIN DESCRIPTION 


Pin # 

Name 

Function 

Pin # 

Name 

Function 

1 

CT5 

Long Time Constant, C/S 

39 

ACL1 

Left Channel Steering Signal AC Coupling 

2 

CT1 

Short Time Constant, L/R Comparators 



and High-Pass Filter 

3 

Vref 

Reference Voltage: Ground or Pseudoground 

40 

ACL2 

Left Channel Steering Signal AC Coupling 

4 

V+ 

Positive Supply 



and High-Pass Filter 

5 

CT4 

Short Time Constant, C/S Comparators 

41 

bpl in 

Filtered Left Channel Input to Steering 

6 

CAB 

Autobalance Time Constant 



Signal Generator 

7 

RT 

Buffered, Autobalanced Right Channel Signal 

42 

CFWS 

Surround Channel Full- Wave Rectifier 

8 

LT 

Buffered, Autobalanced Left Channel Signal 



Low-Pass Filter 

9 

Lin 

Left Channel Input 

43 

CFWC 

Center Channel Full-Wave Rectifier 

10 

P-in 

Right Channel Input 



Low-Pass Filter 

11 

Nin 

Filtered Noise Input 

44 

CFWL 

Left Channel Full-Wave Rectifier 

12 

NC 

Do Not Connect 



Low-Pass Filter 

13 

V- 

Negative Supply (Ground in Single Supply) 

45 

CFWR 

Right Channel Full-Wave Rectifier 

14 

Nout 

Noise Output 



Low-Pass Filter 

15 

Vref 

Reference Voltage: Ground or Pseudoground 

46 

CT6 

Short Time Constant, C/S 

16 

DM1 

Digital Operating-Mode Control Input 

47 

CT3 

Short Time Constant, L/R 

17 

DM2 

Digital Operating-Mode Control Input 

48 

CT2 

Long Time Constant, L/R 


18 

DM3 

Digital Operating-Mode Control Input 

19 

DM4 

Digital Operating-Mode Control Input 

20 

CM1 

Digital Center-Mode Control Input 

21 

CM2 

Digital Center-Mode Control Input 

22 

Lref 

Logic Reference Voltage 
(Threshold = L REF + 1.4 V) 

23 

VRO 

Vref Out— Pseudoground Output 

24 

Lout 

Left Channel Output 

25 

Lout 

Center Channel Output 

26 

P-out 

Right Channel Output 

27 

V- 

Negative Supply (Ground in Single Supply) 

28 

CC2 

Center Normal-Mode Filter Input (Z = 15 kfl) 

29 

CC1 

Center Normal-Mode Filter Output 

30 

$OUT 

Surround Channel Output 

31 

ACS1 

Surround Channel Steering Signal 

AC Coupling and High-Pass Filter 

32 

ACS2 

Surround Channel Steering Signal 

AC Coupling and High-Pass Filter 

33 

ACC1 

Center Channel Steering Signal 

AC Coupling and High-Pass Filter 

34 

ACC2 

Center Channel Steering Signal 

AC Coupling and High-Pass Filter 

35 

ACR1 

Right Channel Steering Signal 

AC Coupling and High-Pass Filter 

36 

ACR2 

Right Channel Steering Signal 

AC Coupling and High-Pass Filter 

37 

BPRin 

Filtered Right Channel Input to Steering 

Signal Generator 

38 

Vref 

Reference Voltage: Ground or Pseudoground 
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SSH-2125/Z126 : Center. Surround Distortion ZZHz-Z8kHz THD*N(z) vs FREQ (Hz) 



Figure 1. THD+N vs. Frequency * Center and Surround 
Channels (V, N = 0 dBd, R L = 100 k(l) 



Figure 3. Bass-Splitting Filter Response (Center Channel 
Normal and Wide Modes) 




Figure 2. THD+N vs. Frequency ,* Left and Right Channels 
(V IN = 0 dBd , R l = 100 kty 


Figure 4. Headroom THD+N vs. Amplitude (0 dBr = 
0 dBd = 500 mV rms) 


*80 kHz low-pass filter used for Figures 1 and 2. 
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DM2 DM4 CM2 


Figure 7. SSM-21 25/SSM-21 26 Block Diagram Showing External Component Functions 


APPLICATIONS INFORMATION 

POWER SUPPLIES 

The SSM-2125/SSM-2126 is designed to use either a dual ±6 V 
or single +12 V supply, with a tolerance of ±10%. Internal ref- 
erence points on the IC and a 6 V reference, generated on-chip, 
are brought to external pins. When operated in dual supply 
mode, the reference inputs (labeled V REF ) are connected to the 
external ground. In single supply mode, the internal 6 V refer- 
ence (labeled VRO) is wired to the V REF pins, providing a 
pseudoground reference. In either mode, the internal reference 
VRO should be decoupled with a 100 pF electrolytic capacitor 
in parallel with a 0.1 pF ceramic capacitor. 

Dual supply mode offers the highest fidelity operation and elim- 
inates the necessity for input and output decoupling capacitors. 
All signals are ground referenced in dual supply mode, allowing 
dc coupling of the inputs and outputs. Additionally, the power 
on settling time is reduced when operating with dual supplies. 

In single supply mode, decoupling capacitors are required, as 
the signals are referenced to the +6 V pseudoground reference. 
Any noise introduced onto the V REF line will appear at the out- 
put, so careful decoupling of the reference is required to main- 
tain excellent noise and distortion performance. The 100 (jlF 
V REF decoupling capacitors should be placed close to the VRO 
pin (Pin 23), and 0.1 pF capacitors close to each V REF pin. 


DOLBY LEVEL 

The discrete implementation of Dolby Pro- Logic Surround used 
a Dolby level of 500 mV. To maintain high audio quality and 
excellent signal-to-noise ratio, the SSM-2125/SSM-2126 was de- 
signed to operate with a 500 mV Dolby level. With this level, 
the SSM-21 25/SSM-2 126 provides 87 dBd SNR (CCIR2K/ARM) 
and 16 dB of headroom. In addition, the SSM-2125/SSM-2126 
is capable of operation to the Pro-Logic specification at a Dolby 
level of 300 mV, with the result of reduced SNR and increased 
headroom. At the 300 mV level, SNR is typically 83 dBd with 
20 dB of headroom. Either way, total dynamic range of the 
device is 103 dB (0 dBd = 500 mV). 

AUTOBALANCE 

Left and right signals with an imbalance less than ±3.8 dB will 
activate the autobalance circuitry when DM3 = 1 . Once acti- 
vated, the circuit will correct up to 4 dB of balance error. Auto- 
balance is available in both the Pro-Logic and stereo bypass 
modes. When autobalance is OFF, the autobalance VCAs are 
bypassed. 

NOISE GENERATOR AND SEQUENCING 

The SSM-2125/SSM-2126 noise source is best described as white 
noise passed through a 0.2 Hz comb filter and a 10 kHz low- 
pass filter. Thus, the noise is comprised of separate equal- 
amplitude peaks spaced at 0.2 Hz apart, as shown in Figure 8. 
Figure 9 shows overall frequency response of the filtered noise 
source. 
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FREQUENCY - Hz 

Figure 8. Comb-Filtered Noise Source Characteristics 



FREQUENCY 

Figure 9. Overall Frequency Response of Filtered 
Noise Source 


For systems that are not microprocessor controlled, Figure 10 
suggests one option to implement automatic noise sequencing 
using standard logic. The CD4060 (or equivalent), although only 
partially used, was selected since it contains a clock and 2-bit 
binary counter on-chip. The timing interval is set by: 


' 2.2 R\ C 3 

where 2R t < R 2 < lORp 

The values shown in Figure 10 will provide a frequency of 
2.9 Hz. One half of a CD4556 can be used to drive LED panel 
indicators if desired, as shown. 

FUNCTIONAL MODES 

The SSM-2125/SSM-2126 uses a positive logic system, whereby 
a voltage greater than 2.4 V above L REF is considered a “1,” 
and voltage levels between L REF and 0.8 V are considered a 
“0.” Tables II and III provide truth tables for logic inputs DM1 
through DM4, and CM1 and CM2. “Dolby 3” mode, which 
disables surround steering, is available as shown. Normal oper- 
ating mode for the decoder is with a “1” on all logic inputs. 

This provides 4-channel logic, autobalance ON, and center nor- 
mal mode. Internal pullups will automatically set the chip into 
this state if the inputs are left unconnected. 


v cc 



Figure 70. Automatic Noise Sequencing Circuit 
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Table II. Control States for DM1-DM4 


DM1 

DM2 

DM3 

DM4 

Operating State 

1 

1 

1 

1 

Dolby 4-Channel (“Pro-Logic”), 
Autobalance On 

1 

1 

0 

1 

Dolby 4-Channel (“Pro- Logic”), 
Autobalance Off 

1 

0 

1 

1 

Dolby 3-Channel (“Dolby 3”), 
Autobalance On 

1 

0 

0 

1 

Dolby 3-Channel (“Dolby 3”), 
Autobalance Off 

0 

1 

1 

1 

Surround Channel Noise 

0 

1 

1 

0 

Right Channel Noise 

0 

1 

0 

1 

Center Channel Noise 

0 

1 

0 

0 

Left Channel Noise 

0 

0 

X 

1 

Mute 

0 

0 

1 

0 

Stereo Bypass, Autobalance On 

0 

0 

0 

0 

Stereo Bypass, Autobalance Off 
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CM1 

CM2 

Mode 

0 

0 

Center Channel Off 

0 

1 

Center Channel Wideband 

1 

0 

Phantom Center Channel 

1 

1 

Normal Center Mode 
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DEVICES 


High Common-Mode Rejection 
Differential Line Receiver 


SSM-2141 


FEATURES 


GENERAL DESCRIPTION 


• High Common-Mode Rejection 


DC lOOdBTyp 

60Hz lOOdBTyp 

20kHz 70dB Typ 

40kHz 62dB Typ 

• Low Distortion 0.001% Typ 

• Fast Slew Rate 9.5V/|is Typ 

• Wide Bandwidth 3MHz Typ 

• Low Cost 


• Complements SSM-21 42 Differential Line Driver 


APPLICATIONS 

• Line Receivers 

• Summing Amplifiers 

• Buffer Amplifiers - Drives 600Q Load 


ORDERING INFORMATION 


PACKAGE 

OPERATING 

PLASTIC 

TEMPERATURE 

8-PIN 

RANGE 

SSM2141P 

XIND* 


*XIND = -40°C<T a < +85°C 


FUNCTIONAL DIAGRAM 



The SSM-21 41 is an integrated differential amplifier intended to 
receive balanced line inputs in audio applications requiring a high 
level of noise immunity and optimum common-mode rejection. 
The SSM-2141 typically achieves lOOdB of common-mode re- 
jection (CMR), whereas implementing an op amp with four off- 
the-shelf precision resistors will typically achieve only 40dB of 
CMR - inadequate for high-performance audio. 

The SSM-2141 achieves low distortion performance by main- 
taining a large slew rate of 9.5V/ps and high open-loop gain. 
Distortion is less than 0.002% over the full audio bandwidth. The 
SSM-2141 complements the SSM-21 42 balanced line driver. 
Together, these devices comprise a fully integrated solution for 
equivalent transformer balancing of audio signals without the 
problems of distortion, EMI fields, and high cost. 

Additional applications for the SSM-21 41 include summing sig- 
nals, differential preamplifiers, and 600S2 low distortion buffer 
amplifiers. 


PIN CONNECTIONS 


REFERENCE [T * 
-IN [T 
+IN [T 

v-U 


T|n.c. 

T]v+ 

T] OUTPUT 
T] SENSE 


8-PIN 

PLASTIC MINI-DIP 
(P-Sufflx) 
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SSM-2141 

absolute Maximum ratings (Note i > 


Supply Voltage ±1 8V 

Input Voltage (Note 1) ... Supply Voltage 

Output Short-Circuit Duration Continuous 

Storage Temperature Range 

P Package -65°C to +150°C 

Lead Temperature (Soldering, 60 sec) +300°C 

Junction Temperature , +150°C 

Operating Temperature Range -40°C to +85°C 


PACKAGE TYPE 

©|A (Note 2) 

<*|C 

UNITS 

8-Pin Plastic DIP (P) 

103 

43 

°c/w 


NOTES: 


1 . For supply voltages less than ±18V, the absolute maximum input voltage is 
equal to the supply voltage. 

2. @ jA is specified forworst case mounting conditions, i.e., 0 jA is specified for device 
in socket for P-DIP package. 


ELECTRICAL CHARACTERISTICS at V s - ±1 8V, T A = +25°C, unless otherwise noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

SSM-2141 

TYP 

MAX 

UNITS 

Offset Voltage 

v os 

v CM = ov 

-1000 

25 

1000 

pV 

Gain Error 


No Load, V |N = ±10 V,R s = 0S2 

- 

0.001 

0.01 

% 

Input Voltage Range 

IVR 

(Note 1) 

±10 

- 

- 

V 

Common-Mode Rejection 

CMR 

V CM = ± 10V 

80 

100 

- 

dB 

Power Supply Rejection Ratio 

PSRR 

Vg = ±6V to ±1 8V 

- 

0.7 

15 

pV/V 

Output Swing 

v o 

R l = 2kO 

±13 

±14.7 

- 

V 

Short-Circuit Current Limit 

*sc 

Output Shorted T o Ground 

+45/- 1 5 

- 


mA 

Small-Signal Bandwidth (-3dB) 

BW 

R l = 2kQ 

- 

3 

- 

MHz 

Slew Rate 

SR 

R l = 2kQ 

6 

9.5 

- 

V/ps 

Total Harmonic 

Tun 

R L = 1 0OkQ 

- 

0.001 

- 

0 / 

Distortion 

1 nU 

R l = 600Q 

- 

0.01 

- 

VO 

Capacitive Load Drive Capability 

C L 

No Oscillation 

- 

300 

- 

PF 

Supply Current 

'sY 

No Load 

- 

2.5 

3.5 

mA 


NOTE: 

1 . Input voltage range guaranteed by CMR test. 
Specifications subject to change; consult latest data sheet. 


ELECTRICAL CHARACTERISTICS at V s = ±1 8V, -40°C < T A < +85°C. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

SSM-2141 

TYP 

MAX 

UNITS 

Offset Voltage 

v os 

V CM = 0V 

-2500 

200 

2500 

pV 

Gain Error 


No Load, V |N = ±10V, R s = 0Q 

- 

0.002 

0.02 

% 

Input Voltage Range 

IVR 

(Note 1 ) 

±10 

- 

- 

V 

Common-Mode Rejection 

CMR 

V CM» ±10V 

75 

90 

- 

dB 

Power Supply Rejection Ratio 

PSRR 

Vg = ±6V to ±18V 

- 

1.0 

20 

pV/V 

Output Swing 

V o 

R l = 2kO 

±13 

±14.7 

- 

V 

Slew Rate 

SR 

R L = 2kQ 

- 

9.5 

- 

V/ps 

Supply Current 

'sY 

No Load 

- 

2.6 

4.0 

mA 


NOTE: 


1 . Input voltage range guaranteed by CMR test. 
Specifications subject to change; consult latest data sheet. 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 


SSM-2141 


SMALL-SIGNAL TRANSIENT 
RESPONSE 



T a = + 25°C 
V S = ±15V 


LARGE-SIGNAL TRANSIENT 
RESPONSE 



T a = +25°C 
V S = ±15V 


S 

S 

UJ 

2 

i 


COMMON-MODE REJECTION 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


POWER SUPPLY REJECTION 
vs FREQUENCY 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


TOTAL HARMONIC DISTORTION 
vs FREQUENCY 


DYNAMIC INTERMODULATION 
DISTORTION vs FREQUENCY 



[ft'JOlO PRECISION DltKZ) vs FREQ(Hz) 


T- = +25 °C 
V S = ±15V 
A v =-1 


DEC 89 l»:23:24| 


R l = 6000, lOOkii ;• 
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SUPPLY CURRENT (mA) 


SSM-2141 


TYPICAL PERFORMANCE CHARACTERISTICS Continued 


CLOSED-LOOP 

INPUT OFFSET VOLTAGE CLOSED-LOOP GAIN OUTPUT IMPEDANCE 

vs TEMPERATURE vs FREQUENCY vs FREQUENCY 



TEMPERATURE (°C) FREQUENCY (Hz) FREQUENCY (Hz) 


GAIN ERROR vs 
TEMPERATURE 



TEMPERATURE (°C) 


SLEW RATE vs SUPPLY CURRENT 

TEMPERATURE vs TEMPERATURE 



TEMPERATURE (X) TEMPERATURE (X) 


SUPPLY CURRENT MAXIMUM OUTPUT VOLTAGE vs MAXIMUM OUTPUT VOLTAGE 

vs SUPPY VOLTAGE OUTPUT CURRENT (SOURCE) vs OUTPUT CURRENT (SINK) 



0 ±5 ±10 ±15 ±20 0 6 12 18 24 30 36 0 -2 -4 -6 -8 -10 -12 


SUPPLY VOLTAGE (V) OUTPUT SOURCE CURRENT (mA) OUTPUT SINK CURRENT (mA) 
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SSM-2141 


TYPICAL PERFORMANCE CHARACTERISTICS Continued 


VOLTAGE NOISE DENSITY LOW FREQUENCY 

vs FREQUENCY VOLTAGE NOISE 



FREQUENCY (Hz) 



SLEW RATE TEST CIRCUIT APPLICATIONS INFORMATION 

The SSM-21 41 represents a versatile analog building block. In 
order to capitalize on fast settling time, high slew rate, and high 
CMR, proper decoupling and grounding techniques must be 
employed. For decoupling, place O.lpF capacitor located within 
close proximity from each supply pin to ground. 

MAINTAINING COMMON-MODE REJECTION 

In order to achieve the full common-mode rejection capability of 
the SSM-2141, the source impedance must be carefully con- 
trolled. Slight imbalances of the source resistance will result in 
a degradation of DC CMR - even a 5Q imbalance will degrade 
CMR by 20dB. Also, the matching of the reactive source imped- 
ance must be matched in order to preserve theCMRR over fre- 
quency. 
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□ ANALOG 

DEVICES Balanced Line Driver 


SSM-2142 


FEATURES 

Transformer-Like Balanced Output 
Drives 10 V RMS Into a 600 Cl Load 
Stable When Driving Large Capacitive Loads and Long 
Cables 

Low Distortion 

0.006% typ 20 Hz-20 kHz, 10 V RMS into 600 ft 
High Slew Rate 
15 V/ps typ 
Low Gain Error 

(Differential or Single-Ended); 0.7% typ 
Outputs Short-Circuit Protected 
Available In Space-Saving 8-Pin Mini-DIP Package 
Low Cost 

APPLICATIONS 
Audio Mix Consoles 
Distribution Amplifiers 
Graphic and Parametric Equalizers 
Dynamic Range Processors 
Digital Effects Processors 
Telecommunications Systems 
Industrial Instrumentation 
Hi-Fi Equipment 

GENERAL DESCRIPTION 

The SSM-2142 is an integrated differential-output buffer ampli- 
fier that converts a single-ended input signal to a balanced out- 
put signal pair with high output drive. By utilizing low noise 
thermally matched thin film resistors and high slew rate amplifi- 
ers, the SSM-2142 helps maintain the sonic quality of audio 
systems by eliminating power line hum, RF interference, voltage 
drops, and other externally generated noise commonly encoun- 
tered with long audio cable runs. Excellent rejection of 
common-mode noise and offset errors is achieved by laser 
trimming of the onboard resistors, assuring high gain accuracy. 
The carefully designed output stage of the SSM-2142 is capable 
of driving difficult loads, yielding low-distortion performance 
despite extremely long cables or loads as low as 600 ft, and is 
stable over a wide range of operating conditions. 


FUNCTIONAL BLOCK DIAGRAM 


+OUT FORCE 


+OUT SENSE 
- OUT SENSE 


- OUT FORCE 


Based on a cross-coupled, electronically balanced topology, 
the SSM-2142 mimics the performance of fully balanced 
transformer-based solutions for line driving. However, the SSM- 
2142 maintains lower distortion and occupies much less board 
space than transformers while achieving comparable common- 
mode rejection performance with reduced parts count. 

The SSM-2142 in tandem with the SSM-2141 differential re- 
ceiver establishes a complete, reliable solution for driving and 
receiving audio signals over long cables. The SSM-2141 features 
an Input Common-Mode Rejection Ratio of 100 dB at 60 Hz. 
Specifications demonstrating the performance of this typical sys- 
tem are included in the data sheet. 


V|N 
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(V s = ±18 V, -40°C < T a < +85% operating in differential mode 
£P£Q|p|Q^Y|Q|^£ unless indicated otherwise. Typical characteristics apply to operation at 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

INPUT IMPEDANCE 

Zin 


10 

ka 

INPUT CURRENT 

IlN 

V IN = ±7.071 V 


±750 

±900 

jxA 

GAIN, DIFFERENTIAL 



5.8 

5.98 


dB 

GAIN, SINGLE-ENDED 


Single-Ended Mode 

5.7 

5.94 


dB 

GAIN ERROR, DIFFERENTIAL 


R l = 600 fl 


0.7 

2 

% 

POWER SUPPLY REJECTION 

RATIO STATIC 

PSRR 

V s = ±13 Vto ±18 V 

60 

80 


dB 

OUTPUT COMMON-MODE REJECTION 

OCMR 

See Test Circuit; f = 1 kHz 

-38 

-45 


dB 

OUTPUT SIGNAL BALANCE RATIO 

SBR 

See Test Circuit; f = 1 kHz 

-35 

-40 


dB 

TOTAL HARMONIC DISTORTION 

Plus Noise 

THD+N 

20 Hz to 20 kHz, 

V 0 = 10 V rms, R L = 600 O 

0.006 

% 

SIGNAL-TO-NOISE RATIO 

SNR 

V IN = 0 V, 0 dBu = 0.775 V rms 

-93.4 

dBu 

HEADROOM 

HR 

CLIP Level = 10.5 V rms 

+22.6 

dBu 

SLEW RATE 

SR 


15 

V/|xs 

OUTPUT COMMON-MODE 

VOLTAGE OFFSET 1 

Voos 

R l = 600 a 

-250 

25 

250 

mV 

DIFFERENTIAL OUTPUT 

VOLTAGE OFFSET 

VoOD 

R l ■= 600 a 

-50 

15 

50 

mV 

DIFFERENTIAL OUTPUT 

VOLTAGE SWING 


V IN = ±7.071 V 

±13.8 

±14.14 


V 

OUTPUT IMPEDANCE 

Zo 


45 

50 

55 

a 

SUPPLY CURRENT 

IsY 

Unloaded, V IN = 0 V 


5.5 

7.0 

mA 

OUTPUT CURRENT, SHORT CIRCUIT 

Isc 


60 

70 


mA 


NOTE 

‘Output common-mode offset voltage can be removed by inserting dc blocking capacitors in the sense lines. See the Applications Information. 
Specifications subject to change without notice. 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±18V 

Storage Temperature -60°C to + 150°C 

Lead Temperature (Soldering, 60 sec) +300°C 

Junction Temperature + 150°C 

Operating Temperature Range -40°C to +85°C 

Output Short Circuit Duration (Both Outputs) Indefinite 


♦Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only; the functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


ORDERING GUIDE 


Operating 

Package 

Model 

Temperature Range 

Option 1 

SSM2142P 

-40°C to +85°C 

Plastic DIP 

SSM2142Z 

-40°C to +85°C 

Cerdip 

SSM2142S 2 

-40°C to +85°C 

SOIC 


NOTES 

‘For outline information see Package Information section. 

2 For availability of SOIC package, contact your local sales office. 


PIN CONNECTIONS 


8-Pin Plastic DIP 16-Pin SOIC 

(P Suffix) (S Suffix) 

8-Pin Cerdip 
(Z Suffix) 


- FORCE 

- SENSE 
GROUND 
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SSM-2142 


300Q 300Q 



Figure 1. Output CMR Test Circuit 


Typical Performance Characteristics 



FREQUENCY - Hz FREQUENCY - kHz 


Figure 3. Power Supply Rejection vs. Frequency Figure 4. Maximum Output Voltage Swing vs. Frequency 



±2 ±6 ±10 ±14 ±18 ±2 ±6 ±10 ±14 ±18 

SUPPLY VOLTAGE - Volts SUPPLY VOLTAGE - Volts 

Figure 5. Output Voltage Swing vs. Supply Voltage Figure 6. Supply Current vs. Supply Voltage 
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SSM-2142 

THD PERFORMANCE 

The following data, taken from the THD test circuit on an Au- 
dio Precision System One using the internal 80 kHz noise filter, 
demonstrates the typical performance of a balanced-pair system 
based on the SSM-2142/SSM-2141 chip set. Both differential 
and single-ended modes of operation are shown, under a num- 
ber of output load conditions which simulate various application 
situations. Note also that there is no adverse effect on system 
performance when using the optional series feedback capacitors, 
which reject dc cable offsets in order to maintain optimal ac 
noise rejection. The large signal transient response of the system 
to a 100 kHz square wave input is also shown, demonstrating 
the stability of the SSM-2142 under load. 



*USED ONLY IN THD PLOTS AS NOTED. 

ALL CABLE MEASUREMENTS USE BELDEN 8451 CABLE. 


Figure 7. THD Test Circuit 



Vo = 10 V rms, NO CABLE 
A: R1 = R2 = R L = * 

B: R1 = R2 = 600 ft, R L ='* 
C: R1 = R2 = x, R l = 600 ft 


Figure 8. THD+N vs. Frequency at Point B 
(Differential Mode) 



Vo = 10 V rms, WITH 500 FEET CABLE 
A: Rl = R2 = R l = x 
B. Rl = R2 = 600 ft, R L = x 
C: Rl = R2 = x, R l = 600 ft 

D: Rl = R2 = R L = *, WITH SERIES FEEDBACK CAPACITORS 

Figure 9. THD+N vs. Frequency at Point B 
(Differential Mode) 



V 0 = 10 V rms, R2 = 0 ft, R L = x 
A: Rl = 600 ft, WITH 250 FEET CABLE 
B: Rl = x, NO CABLE 


Figure 10. THD+N vs. Frequency at Point A 
(Single Ended) 



Vo = 10 V rms, NO CABLE 
A: Rl = R2 = x, R l = 600 ft 

Figure 1 1. THD+N vs. Frequency at Point C 
(SSM-2141 Output) 
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SSM-2142 



Figure 12. 100 kHz Square Wave Observed at Point B 
(Differential Mode). V Q = 10 V rms, R1 = R2 = R L = 600 Cl 



Figure 13. 100 kHz Square Wave at Point B (Differential 
Mode). V Q = 10 V rms , R1 = R2 = <*, R L = 600 Cl, with 
Series Feedback Capacitors 

+15 v 



Figure 14. Typical Application of the SSM-2142 and 
SSM-214 1/SSM-2 143 


APPLICATIONS INFORMATION 

The SSM-2142 is designed to provide excellent common-mode 
rejection, high output drive, and low signal distortion and noise 
in a balanced line-driving system. The differential output stage 
consists of twin cross-coupled unity-gain buffer amplifiers with 


on-chip 50 H series damping resistors. The impedances in the 
output buffer pair are precisely balanced by laser trimming 
during production. This results in the high gain accuracy 
needed to obtain good common-mode noise rejection, and 
excellent separation between the offset error voltages common to 
the cable pair and the desired differential input signal. As shown 
in the test circuit, it is suggested that a suitable balanced, high 
input-impedance differential amplifier such as the SSM-2141 or 
SSM-2143 be used at the receiving end for best system perfor- 
mance. The SSM-2143 receiver output is configured for a gain 
of one half following the 6 dB gain of the SSM-2142, in order to 
maintain an overall system gain of unity. 

In applications encountering a large dc offset on the cable or 
those wishing to ensure optimal rejection performance by 
avoiding differential offset error sources, dc blocking capacitors 
may be employed at the sense outputs of the SSM-2142. As 
shown in the test circuit, these components should present as 
little impedance as possible to minimize low-frequency errors, 
such as 10 |jlF NP (or tantalum if the polarity of the offset is 
known). 

SYSTEM GROUNDING CONSIDERATIONS 

Due to ground currents, supply variations, and other factors, 
the ground potentials of the circuits at each end of a signal cable 
may not be exactly equal. The primary purpose of a balanced- 
pair line is to reject this voltage difference, commonly called 
“longitudinal error.” A measure of the ability of the system to 
reject longitudinal error voltage is output common-mode 
rejection. In order to obtain the optimal OCMR and noise 
rejection performance available with the SSM-2142, the user 
should observe the following precautions: 

1 . The quality of the differential output is directly dependent 
upon the accuracy of the input voltage presented to the 
device. Input voltage errors developed across the impedance 
of the source must be avoided in order to maintain system 
performance. The input of the SSM-2142 should be driven 
directly by an operational amplifier or buffer offering low 
source impedance and low noise. 

2. The ground input should be in close proximity to the single- 
ended input’s source common. Ground offset errors encoun- 
tered in the source circuitry also impair system performance. 

3. Make sure that the SSM-2142 is adequately decoupled with 
0. 1 (jlF bypass capacitors located close to each supply pin. 

4. Avoid the use of passive circuitry in series with the SSM- 
2142 outputs. Any reactive difference in the line pair will 
cause significant imbalances and affect the gain error of the 
device. Snubber networks or series load resistors are not 
required to maintain stability in SSM-2142-based systems, 
even when driving signals over extremely long cables. 

5. Efforts should be made to maintain a physical balance in the 
arrangement of the signal pair wiring. Capacitive differences 
due to variations in routing or wire length may cause unequal 
noise pickup between the pair, which will degrade the system 
OCMR. Shielded twisted-pair cable is the preferred choice in 
all applications. The shield should not be utilized as a signal 
conductor. Grounding the shield at one end, near the output 
common, avoids ground loop currents flowing in the shield 
which increase noise coupling and longitudinal errors. 
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SSM-2142 

THE CABLE PAIR 

The SSM-2142 is capable of driving a 10 V rms signal into 
600 fl and will remain stable despite cable capacitances of up to 
0.16 |aF in either balanced or single-ended configurations. Low- 
impedance shielded audio cable such as the standard Belden 
8451 or similar is recommended, especially in applications 
traversing considerable distances. The user is cautioned that 
the so-called “audiophile” cables may incur four times the 
capacitance per unit length of the standard industrial-grade 
product. In situations of extreme load and/or distance, adding 
a second parallel cable allows the user to trade off half of the 
total line resistance against a doubling in capacitive load. 

SINGLE-ENDED OPERATION 

The SSM-2142 is designed to be compatible with existing 
balanced-pair interface systems. Just as in transformer-based 
circuits, identical but opposite currents are generated by the 
output pair which can be ground-referenced if desired and 
transmitted on a single wire. Single-ended operation requires 
that the unused side of the output pair be grounded to a solid 
return path in order to avoid voltage offset errors at the nearby 
input common. The signal quality obtained in these systems is 
directly dependent on the quality of the ground at each end of 
the wire. Also note that in single-ended operation the gain 
through the device is still 6 dB, and that the SSM-2142 incurs 


no significant degradation in signal distortion or output drive 
capability, although the noise rejection inherent in balanced-pair 
systems is lost. 

POWER SUPPLY SEQUENCING 

A problem occasionally encountered in the interface system 
environment involves irregular application of the supplies. The 
user is cautioned that applying power erratically can inadvert- 
ently bias parts of the circuit into a latchup condition. The small 
geometries of an integrated circuit are easily breached and dam- 
aged by short-risetime spikes on a supply line, which usually 
demonstrate considerable overshoot. The questionable practice 
of exchanging components or boards while under power can 
create such an undesirable sequence as well. Possible options 
which offer improved board-level device protection include: 
additional bypass capacitors, high-current reverse-biased steering 
diodes between both supplies and ground, various transient 
surge suppression devices, and safety grounding connectors. 

Likewise, power should be applied to the device before the out- 
put is connected to “live” systems which may carry voltages of 
sufficient magnitude to turn on the output devices of the SSM- 
2142 and damage the device. In any case, of course, the user 
must always observe the absolute maximum ratings shown in the 
specifications. 
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ANALOG 

DEVICES 


-6 dB Differential 
Line Receiver 


SSM-2143 


FEATURES 

High Common-Mode Rejection 
DC: 90 dB typ 
60 Hz: 90 dB typ 
20 kHz: 85 dB typ 

Ultra low THD: 0.0006% typ @ 1 kHz 

Fast Slew Rate: 10 V/ps typ 

Wide Bandwidth: 7 MHz typ (G = 1/2) 

Two Gain Levels Available: G = 1/2 or 2 
Low Cost 

GENERAL DESCRIPTION 

The SSM-2143 is an integrated differential amplifier intended to 
receive balanced line inputs in audio applications requiring a 
high level of immunity from common-mode noise. The device 
provides a typical 90 dB of common-mode rejection (CMR), 
which is achieved by laser trimming of resistances to better than 
0.005%. 

Additional features of the device include a slew rate of 10 V/ps 
and wide bandwidth. Total harmonic distortion (THD) is less 
than 0.004% over the full audio band, even while driving low 
impedance loads. The SSM-2143 input stage is designed to han- 
dle input signals as large as +28 dBu at G = 1/2. Although pri- 
marily intended for G = 1/2 applications, a gain of 2 can be 
realized by reversing the +IN/-IN and SENSE/REFERENCE 
connections. 

When configured for a gain of 1/2, the SSM-2143 and SSM-2142 
Balanced Line Driver provide a fully integrated, unity gain solu- 
tion to driving audio signals over long cable runs. 


FUNCTIONAL BLOCK DIAGRAM 



PIN CONNECTIONS 


Epoxy Mini-DIP (P Suffix) 
and 

SOIC (S Suffix) 


REF |T 
-IN [T 
+IN [T 

v-[T 


SSM-2143 

TOP VIEW 
(NOT TO SCALE) 


T]nc 

T]v+ 

T|V0Ut 
T] SENSE 


NC = NO CONNECT 


This is an abridged version of the data sheet. To obtain a 
complete data sheet, contact your nearest sales office. 
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SSM-21 43 — SPECIFICATIONS 


(V s = ±15 Y, -4G°C < T a < +85°C, G = 1/2, unless otherwise specified. 
Typical specifications apply at T A = +25°C.) 


Parameter 

Symbol 

Conditions 

Min Typ Max 

Units 

AUDIO PERFORMANCE 





Total Harmonic Distortion Plus Noise 

THD+N 

V IN = 10 V rms, R L = 10 kll, f = 1 kHz 

0.0006 

% 

Signal-to-Noise Ratio 

SNR 

0 dBu = 0.775 V rms, 20 kHz BW, RTI 

-107.3 

dBu 

Headroom 

HR 

Clip Point = 1% THD+N 

+28.0 

dBu 

DYNAMIC RESPONSE 





Slew Rate 

SR 

R L = 2 kft, C L = 200 pF 

6 10 

V/|xs 

Small Signal Bandwidth 

BW_ 3 dB 

R L = 2 kft, C L = 200 pF 





G = 1/2 

7 

MHz 



G = 2 

3.5 

MHz 

INPUT 





Input Offset Voltage 

V IOS 

V C m = 0 V, RTI, G = 2 

-1.2 0.05 +1.2 

mV 

Common-Mode Rejection 

CMR 

V CM = —10 V, RTO 





f = dc 

70 90 

dB 



f = 60 Hz 

90 

dB 



f = 20 kHz 

85 

dB 



f = 400 kHz 

60 

dB 

Power Supply Rejection 

PSR 

V s = ±6 Vto ±18 V 

90 110 

dB 

Input Voltage Range 

IVR 

Common Mode 

±15 

V 



Differential 

±28 

V 

OUTPUT 





Output Voltage Swing 

V 0 

73 

r 

II 

NJ 

9? 

o 

±13 ±14 

V 

Minimum Resistive Load Drive 



2 

kn 

Maximum Capacitive Load Drive 



300 

pF 

Short Circuit Current Limit 

Isc 


+45, -20 

mA 

GAIN 





Gain Accuracy 



-0.1 0.03 0.1 

% 

REFERENCE INPUT 





Input Resistance 



18 

kn 

Voltage Range 



±10 

V 

POWER SUPPLY 





Supply Voltage Range 

V s 


±6 ±18 

V 

Supply Current 

f SY 

Vcm = 0 V, R l = oc 

±2.7 ±4.0 

mA 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±18V 

Common-Mode Input Voltage ±22 V 

Differential Input Voltage ±44 V 

Output Short Circuit Duration Continuous 

Operating Temperature Range -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Junction Temperature (Tj) + 150°C 

Lead Temperature (Soldering, 60 sec) +300°C 

Thermal Resistance 

8-Pin Plastic DIP (P): 0 JA = 103, 0 JC = 43 °C/W 

8-Pin SOIC (S): 0 JA = 150, 0 JC = 43 °C/W 


ORDERING GUIDE 

Model 

Operating Temperature Range 

Package 1 

SSM-2143P 

-40°C to +85°C 

8-Pin Plastic DIP 

SSM-2143S 2 

-40°C to +85°C 

8-Pin SOIC 


'For outline information see Package Information section. 
2 Contact sales office for availability. 
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ANALOG 

DEVICES 


Audio Dual Matched 
NPN Transistor 


SSM-2210 


FEATURES 

• Very Low Voltage Noise @ 100Hz, InV/VHz MAX 

• Excellent Current Gain Match 0.5% TYP 

• Tight V BE Match (V QS ) 200|iV MAX 

• Outstanding Offset Voltage Drift 0.03|iV/°C TYP 

• High Gain-Bandwidth Product 200MHz TYP 

• Low Cost 

• Direct Replacement For LM394BN/CN 


The SSM-221 0 is also an ideal choice for accurate and reliable 
current biasing and mirroring circuits. Furthermore, since a cur- 
rent mirror's accuracy degrades exponentially with mismatches 
of V BE 's between transistor pairs Jhe low V QS of the SSM-221 0 
will preclude offset trimming in most circuit applications. 

The SSM-221 0 is offered in an 8-pin epoxy DIP and 8-pin SO, its 
performance and characteristics are guaranteed over the ex- 
tended industrial temperature range of-40°C to +85°C. 


ORDERING INFORMATION t 



PACKAGE 

OPERATING 

TEMPERATURE 

PLASTIC 

SO 

8-PIN 

8-PIN 

RANGE 

SSM2210P 

SSM2210S t 

XIND* 


* XIND = -40°C to +85°C 

* For availability on SO package, contact your local sales office. 


GENERAL DESCRIPTION 

The SSM-2210 is a dual NPN matched transistor pair specifi- 
cially designed to meet the requirements of ultra-low noise au- 
dio systems. 

With its extremely low input base spreading resistance (rbb' is 
typically 28 Q), and high current gain (h FE typically exceeds 600 
@ l c = 1 mA), systems implementing the SSM-221 0 can achieve 
outstanding signal-to-noise ratios. This will result in superior 
performance compared to systems incorporating commercially 
available monolithic amplifiers. 

The equivalent input voltage noise of the SSM-221 0 is typically 
only 0.8nV/VHzover the entire audio bandwidth of 20Hz to 20KHz. 

Excellent matching of the current gain (Ah FE ) to about 0.5% and 
low V QS of less than 50pV (typical) make it ideal for symmetri- 
cally balanced designs which reduce high order amplifier har- 
monic distortion. 

Stability of the matching parameters is guaranteed by protec- 
tion diodes across the base-emitter junction. These diodes pre- 
vent degradation of Beta and matching characteristics due to 
reverse biasing of the base-emitter junction. 


PIN CONNECTIONS 




8-PIN 

Ci (T 


Tjc 2 PLASTIC DIP 

®i [X 

T| b 2 (P-Suffix) 

El [T 

T)e 2 

N.C. [T 


H n.c. 8-PIN SO 

(S-Suffix) 


ABSOLUTE MAXIMUM RATINGS 


Collector Current (l c ) 20mA 

Emitter Current (l E ) 20mA 

Collector-Collector Voltage (BV cc ) 40V 

Collector-Base Voltage (BV cbo ) 40V 

Collector-Emitter Voltage (BV CE0 ) 40V 

Emitter-Emitter Voltage (BV EE ) 40V 

Operating Temperature Range -40°C to +85°C 

Storage Temperature -65°C to +125°C 

Junction Temperature -65°C to +150°C 

Lead Temperature (Soldering, 60 sec) +300°C 


PACKAGE TYPE 

© jA (NOTE1) 

0 jc 

UNITS 

8-Pin Plastic DIP (P) 

110 

50 

°c/w 

8-Pin SO (S) 

160 

44 

°c/w 

NOTE: 


1 . 0. A is specified for worst case mounting conditions, i .e. , 0. A is specified for device 
in socket for P-DIP packages; 0 jA is specified for device soldered to printed 
circuit board for SO packages. 
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ELECTRICAL CHARACTERISTICS at V CB = 15V, l c = 1 0jiA, T A = 25°C, unless otherwise noted. 






SSM-2210 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Current Gain 

h cc 

l c = 1mA (Notel) 

300 

605 

- 



1 

_o 

200 

550 

- 


Current Gain Match 

Ah FE 

10pA<l c <1mA (Note 2) 

- 

0.5 

5 

% 



l c = 1mA,V CB = 0 (Note 3) 
f o = 10Hz 


1.6 

2 


Noise Voltage Density 

e n 

f 0 = 100Hz 

- 

0.9 

1 

nV/VHz 



f 0 = 1 kHz 

- 

0.85 

1 




f o = 10kHz 

- 

0.85 

1 


Offset Voltage 

v os 

V CB = ° 

l c = 1 mA 

- 

10 

200 

pV 

Offset Voltage 

Change vs V CB 

4V 0S /av cb 

°* V CB* V MAX ( NOte4 ) 

1pA<l c <1mA (Note 5) 

- 

10 

50 

pV 

Offset Voltage Change 
vs Collector Current 

4Vos/AI c 

V CB= 0V 

1pA<l c ^1mA (Note 5) 

- 

5 

70 

pV 

Breakdown Voltage 

bv ceo 


40 

- 

- 

V 

Gain-Bandwidth Product 

f T 

l c =10mA,V CE = 10V 

- 

200 

- 

MHz 

Collector-Base 




25 

500 

PA 

Leakage Current 

^CBO 

V = V 

V CB V MAX 


Collector-Collector 


v cc = V max (Notes 6, 7) 


35 

500 

pA 

Leakage Current 

*CC 

" 

Collector-Emitter 

Leakage Current 

*CES 

V CE = V MAX (Notes 6, 7) 

V BE = ° 

- 

35 

500 

pA 

Input Bias Current 

'b 

o 

> 

- 

- 

50 

nA 

Input Offset Current 

*os 

l c =10pA 

- 

- 

6.2 

nA 

Collector Saturation 


l c = 1 mA 


0.05 

0.2 


Voltage 

V CE(SAT) 

l B = lOOpA 



Output Capacitance 

C OB 

V cb = 1 5V, l £ = 0 

- 

23 

- 

PF 

Bulk Resistance 

r BE 

10pA<l c <10mA (Note 6) 

- 

0.3 

1.6 

a 

Collector-Collector 




35 


PF 

Capacitance 

O 

O 

o 

< 

8 

o 




NOTES: 

1 . Current gain is guaranteed with Collector-Base Voltage (V CB ) swept from 0 to 
v max at the indica t6d collector currents. 

2. Current Gain Match (Ah FE ) is defined as: 

1 00(Al B ) (h FE min) 

Ah FE = j 

■c 

3. Noise Voltage Density is guaranteed, but not 100% tested. 

4. This is the maximum change in V QS as V CB is swept from 0V to 40V. 


5. Measured at l c = 1 OpA and guaranteed by design over the specified range of l c . 

6. Guaranteed by design. 

7. I cc and l CES are verified by measurement of l CBQ . 
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ELECTRICAL CHARACTERISTICS at V 

CB = 1 5V, -40°C < T a < +85°C, unless otherwise noted. 








SSM-2210 




PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Current Gain 

h PC 

l c = 1mA (Note 1 ) 

300 

- 

- 




l c = 10pA 

200 

_ 

~ 



Offset Voltage 

v os 

V CB = ° 

l c = 1 mA 

- 

- 

220 

pV 

Average Offset 

TCV OS 

10pA<l c <1mA,0<V CB <V MAX (Note 2) 

- 

0.08 

1 

pV/°C 

Voltage Drift 

V QS T rimmed to Zero (Note 3) 

- 

0.03 

0.3 

Input Bias Current 

'b 

l c = 10pA 

- 

- 

50 

nA 

Input Offset Current 

’os 

l c = 10pA 

- 

- 

13 

nA 

Input Offset 

Current Drift 

TCI 0S 

l c =10pA (Note 4) 

- 

40 

150 

pA/°C 

Collector-Base 








Leakage Current 

’cBO 

V = V 

V CB V MAX 


3 

" 

nA 

Collector-Emitter 


V = V V =0 

V CE V MAX’ V BE v 






Leakage Current 

*CES 


4 


nA 

Collector-Collector 

1 





nA 

Leakage Current 

'cc 

V CC ” V MAX 





NOTES: 

1 . Current gain is guaranteed with Collector-Base Voltage (V CB ) swept from 0 to 

V.. . v at the indicated collector current. 
max v 

2. Guaranteed by V QS test (TCV QS = -^§-« V BE ), T = 298K for T A = 25°C. 

3. The initial zero offset voltage is established by adjusting the ratio of I C1 to l C2 at 
T a = 25°C. This ratio must be held to 0.003% over the entire temperature range. 
Measurements are taken at the temperature extremes and 25°C. 

4. Guaranteed by design. 


TYPICAL PERFORMANCE CHARACTERISTICS 


LOW FREQUENCY NOISE 
(0.1 Hz TO 10 Hz) 



t = 1s/DIV 


NOISE FIGURE vs 



0.001 0.01 0.1 1.0 
COLLECTOR CURRENT (mA) 


EMITTER-BASE 



COLLECTOR CURRENT (A) 
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NITY-GAIN BANDWIDTH moicf TArF nFMQiTV /„v/ /u,\ 

PRODUCT M(Hz) TOTAL NOISE (n V//Hi) N0ISE V0LTAGE DENSITY <nV/>/Hz) 


SSM-2210 


TYPICAL PERFORMANCE CHARACTERISTICS 


NOISE VOLTAGE NOISE VOLTAGE DENSITY NOISE CURRENT 

DENSITY vs FREQUENCY vs COLLECTOR CURRENT DENSITY vs FREQUENCY 



FREQUENCY (Hz) COLLECTOR CURRENT (mA) FREQUENCY (Hz) 


TOTAL NOISE vs CURRENT GAIN vs CURRENT GAIN 

COLLECTOR CURRENT COLLECTOR CURRENT vs TEMPERATURE 



0.001 0.01 0.1 1 0001 001 0- 1 1 -75 -25 25 75 125 175 


COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) TEMPERATURE (°C) 


GAIN BANDWIDTH 
vs COLLECTOR CURRENT 



0.001 0.01 0.1 1 10 100 


BASE-EMITTER-ON- 
VOLTAGE vs COLLECTOR 
CURRENT 



0.001 0.01 0.1 1 10 



COLLECTOR CURRENT (mA) 


COLLECTOR CURRENT (mA) 


COLLECTOR CURRENT (mA) 
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h 0E — OUTPUT CONDUCTANCE (nmho 


SSM-2210 


TYPICAL PERFORMANCE CHARACTERISTICS Continued 


SMALL-SIGNAL OUTPUT 

CONDUCTANCE vs SATURATION VOLTAGE COLLECTOR-TO-BASE 

COLLECTOR CURRENT vs COLLECTOR CURRENT LEAKAGE vs TEMPERATURE 



COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) TEMPERATURE ( # C) 


COLLECTOR-BASE COLLECTOR-TO-COLLECTOR 

CAPACITANCE vs CAPACITANCE vs COLLECTOR- COLLECTOR-TO-COLLECTOR 

REVERSE BIAS VOLTAGE TO-SUBSTRATE VOLTAGE LEAKAGE vs TEMPERATURE 



REVERSE BIAS VOLTAGE (VOLTS) COLLECTOR-TO-SUBSTRATE VOLTAGE (VOLTS) TEMPERATURE (°C) 


COLLECTOR-TO-COLLECTOR 
CAPACITANCE vs 
REVERSE BIAS VOLTAGE 



EMITTER-BASE CAPACITANCE 
vs REVERSE BIAS VOLTAGE 



REVERSE BIAS VOLTAGE (VOLTS) 


REVERSE BIAS VOLTAGE (VOLTS) 
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COMPENSATION 
200Q 0.001 



FIGURE 1 : A Low-Noise Wideband Amplifier 


A VERY LOW-NOISE, WIDEBAND AMPLIFIER 

Figure 1 illustrates a low-noise, wide-band amplifier consisting 
of a high slew rate JFET amplifier, the OP-44, and a cascoded 
differential preamplifier using the SSM-221 0 transistor pair. The 
SSM-221 0 achieves extremely low input voltage noise perform- 
ance (e n * 0.7nV/VFlz) via a large geometry transistor design 
which minimizes the base-spreading resistance. This, however, 
results in relatively higher collector-to-base capacitance (C 0B ) 
than ordinary small-signal transistors. For high gain stages, the 
Miller effect of C 0B will limit the voltage gain bandwidth; resort- 
ing to a cascode configuration reduces the Miller feedback ca- 
pacitance, improving stability, bandwidth, and reducing distor- 
tion due to base-width modulation. Additionally, cascoding does 


not increase the noise figure of the overall amplifier system and 
reduces the high order harmonic distortion. 

The circuit in Figure 1 balances the impedance symmetrically in 
the differential preamp. This serves to reject common-mode noise 
injected from the power supplies. 

Although the SSM-221 0's transistors are closely matched, an 
offset voltage error can still be created by imbalanced source 
impedances. Accordingly, a precision low-power amplifier (OP- 
97) , configured as a noninverting integrator is implemented which 
servos-out the offset voltage to less than 1 0OpV referred to the 
input of the amplifier. 
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FIGURE 2: Spectrum Analyzer Display of Wideband Amplifier 
Noise Spectral Density. e n « 1.7nVMTTz 


SSM-2210 



Figure 2 illustrates the composite amplifier's low voltage noise 
density of only 1 .7nV/VFE @ 1 kHz. Figure 3 and Figure 4 show 
the excellent pulse response and an extremely low distortion of 
only 0.0015% over the audio bandwidth, respectively. 




A special test was performed to check for dynamic or transient 
intermodulation distortion. A square wave of 3.15kHz is mixed 
with a sine wave probe tone, and the resulting intermodulation 
distortion was found to be less than 0.002% (Figure 5). This is 
an impressively low value considering the amplifier’s gain of 
26dB. Interestingly, the GBW product of the composite amplifier 
was 63MHz which is much larger than that of the OP-44 by itself. 
This is made possible by the SSM-2210's cascoded preampli- 
fier having a wide bandwidth and large signal gain. 

The measured performance of this amplifier is summarized in 
Table 1 . 


TABLE 1 : Measured Performance of the Low-Noise Wideband 
Amplifier 

Slew-Rate 

40V/ps 

Gain-Bandwidth 

63.6 MHz 

Input Noise Voltage Density @ 1kHz 

1 .7nV/VHz 

Output Voltage Swing 

±13V 

Input Offset Voltage 

lOpV 
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500pV/VHz AMPLIFIER 

In situations where low output, low-impedance transducers are 
used, amplifiers must have very low voltage noise to maintain a 
good signal-to-noise ratio. The design presented in this applica- 
tion is an operational amplifier with only 500pV/VHz of broad- 
band noise. The front end uses SSM-2210 low-noise dual tran- 
sistors to achieve this exceptional performance. The op amp has 
superb DC specifications compatible with high-precision trans- 
ducer requirements, and AC specifications suitable for profes- 
sional audio work. 

PRINCIPLE OF OPERATION 

The design configuration in Figure 6 uses an OP-27 op amp 
(already a low-noise design) preceded by an amplifier consist- 
ing of three parallel-connected SSM-221 0 dual transistors. Base 
spreading resistance (rbb) generates thermal noise which is 
reduced by a factor of v3 when the input transistors are parallel 
connected. Schottky noise, the other major noise-generating 
mechanism, is minimized by using a relatively high collector 
current (1 mA per device). High current ensures a low dynamic 
emitter resistance, but does increase the base current and its 
associated current noise. Higher current noise is relatively un- 
important when low-impedance transducers are used. 


-o v+ 




V- 


FIGURE 6: Simplified Schematic 
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CIRCUIT DESCRIPTION 

The detailed circuit is shown in Figure 7. A total input-stage emitter 
current of 6mA is provided by Q 4 . The transistor acts as a true 
current source to provide the highest possible common-mode 
rejection. R r R 2 , and R 3 ensure that this current splits equally 
among the three input pairs. The constant current in Q 4 is set by 
using the forward voltage of a GaAsP light-emitting diode as a 
reference. The difference between this voltage and the base- 
emitter voltage of a silicon transistor is predictable and constant 
(to within a few percent) over the military temperature range. The 
voltage difference, approximately IV, is impressed across the 


emitter resistor R 12 which produces a temperature-stable emit- 
ter current. 

R 6 and C 1 provide phase compensation for the amplifier and are 
sufficient to ensure stability at gains of ten and above. 

R ? is an input offset trim that provides approximately ±300pV trim 
range. The very low drift characteristics of the SSM-221 0 make 
it possible to obtain drifts of less than 0.1pV/°C when the offset 
is nulled close to zero. If this trim is not required, the R 4 , R y , and 
R 8 network should be omitted and R 5 /R 9 connected directly to V+. 



FIG U R E 7 : Complete Amplifier Schematic 
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AMPLIFIER PERFORMANCE 

The measured performance of the op amp is summarized in T able 
2. Figure 8 shows the broadband noise spectrum which is flat at 
about 500pV/VHz. Figure 9 shows the low-frequency spectrum 
which illustrates the low 1/f noise corner at 1 .5Hz. The low-fre- 
quency characteristic in the time domain from 0.1 Hz to 1 0Hz is 
shown in Figure 10; peak-to-peak amplitude is less than 40nV. 


TABLE 2: Measured Performance of the Op Amp 


Input Noise 

Voltage Density at 1 kHz 


500pV/VHz 

Input Noise 

Voltage from 0.1 Hz to 1 0Hz 


40 n V n 

p-p 

Input Noise Current at 1 kHz 


1 .5pA/VFfz 


G = 10 

3MHz 

Gain-Bandwidth 

G = 100 

600kHz 


G = 1 000 

150kHz 

Slew Rate 


2V/ps 

Open-Loop Gain 


3 x 10 7 

Common-Mode Rejection 


130dB 

Input Bias Current 


3pA 

Supply Current 


10mA 

Nulled TCV 0S 


0.1pV/°C Max 

T.H.D. at 1kHz 

G = 1000 

0.002% 



FIGURE 8: Spectrum Analyzer Display - Broadband 



FIGURE 9: Spectrum Analyzer Display - Low Frequency 



FIGURE 10: Oscilloscope Display 


CONCLUSION 

Using SSM-2210 matched transistor pairs operating at a high 
current level, it is possible to construct a high-performance, low- 
noise operational amplifier. The circuit uses a minimum of com- 
ponents and achieves performance levels exceeding monolithic 
amplifiers. 
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FIGURE 1 1 : Fast Logarithmic Amplifier 


FAST LOGARITHMIC AMPLIFIER 

The circuit of Figure 1 1 is a modification of a standard logarith- 
mic amplifier configuration. Running the SSM-221 0 at 2.5m A per 
side (full-scale) allows afast response with wide dynamic range. 
The circuit has a 7 decade current range, a 5 decade voltage 
range, and is capable of 2.5ps settling time to 1 % with a 1 to 1 0V 
step. 

The output follows the equation: 

V 0 = R3 + R2 kT | n Vref 
R 2 ^ Vin 

T o compensate for the temperature dependence of the kT/q term , 
a resistor with a positive 0.35%/°C temperature coefficient is 
chosen for R 2 . 

The output is inverted with respect to the input, and is nominally 
- 1 V/decade using the component values indicated. 
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FEATURES 

• Very Low Voltage Noise @ 1 00Hz, 1 n V/%/Rz Max 

• High Gain Bandwidth 190MHz Typ 

• Excellent Gain @ l c = 1 mA, 1 65 Typ 

• Tight Gain Matching 3% Max 

• Outstanding Logarithmic Conformance... r BE = 0.3£2 Typ 

• Low Offset Voltage 200pV Max 

• Low Cost 


APPLICATIONS 

• Microphone Preamplifiers 

• Tape-Head Preamplifiers 

• Current Sources and Mirrors 

• Low Noise Precision Instrumentation 

• Voltage Controlled Amplifiers/Multipiiers 


The SSM-2220 also offers excellent matching of the current gain 
(Ah FE ) to about 0.5% which will help to reduce the high order 
amplifier harmonic distortion. In addition, to insure the long-term 
stability of the matching parameters, internal protection diodes 
across the base-emitter junction were used to clamp any reverse 
base-emitter junction potential. This prevents a base-emitter 
breakdown condition which can result in degradation of gain and 
matching performance due to excessive breakdown current. 

Another feature of the SSM-2220 is its very low bulk resistance 
of 0.3Q typically which assures accurate logarithmic conform- 
ance. 

The SSM-2220 is offered in 8-pin plastic, dual-in-line, and SO 
and its performance and characteristics are guaranteed over the 
extended industrial temperature range of -40°C to +85°C. 


ORDERING INFORMATION 




OPERATING 



TEMPERATURE 

8-PIN EPOXY DIP 

8-PIN SO* 

RANGE 

SSM2220P 

SSM2220S 

-40°C to +85°C 


* For availability of SO package, contact your local sales office. 


GENERAL DESCRIPTION 

The SSM-2220 is a dual low noise matched PNP transistor which 
has been optimized for use in audio applications. 

The ultra-low input voltage noise of the SSM-2220 is typically 
only 0.7nV//Rzover the entire audio bandwidth of 20Hz to 20kHz. 
The low noise, high bandwidth (1 90MHz), and Offset Voltage of 
(200pV Max) make the SSM-2220 an ideal choice for demand- 
ing low noise preamplifier applications. 


PIN CONNECTIONS 




8-PIN 

Cl u 

irvq 

Tjc 2 

EPOXY DIP 

Bid 

iS r*r 

T] b 2 

(P-Suffix) 

E 1[I 

t*r_ 

j]e 2 

8-PIN 

N.C. |T 


T] N.C. 

SO 



(S-Suffix) 
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ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage (BV cbo ) 36V 

Collector-Emitter Voltage (BV CE0 ) 36V 

Collector-Collector Voltage (BV CC ) 36V 

Emitter-Emitter Voltage (BV EE ) 36V 

Collector Current (l c ) 20mA 

Emitter Current (l E ) 20mA 

Operating Temperature Range 

SSM-2220P -40°C to +85°C 

SSM-2220S -40 °C to +85°C 

Operating Junction Temperature -55°C to +150°C 


Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 60 sec) +300°C 

Junction Temperature -65°C to +150°C 

PACKAGE TYPE 0 jA (Note1) 0 jC UNITS 

8-Pin Plastic DIP (P) 103 43 °C/W 

8-Pin SO (S) 158 43 °C/W 

NOTE: 


1 . 0. A is specified for worst case mounting conditions, i.e. , © jA is specified for device 
in socket for P-DIP package; © jA is specified for device soldered to printed 
circuit board for SO packages. 


ELECTRICAL CHARACTERISTICS atT A = -t-25°C, unless otherwise noted. 






SSM-2220 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 



V cb = 0V,-36V 





Current Gain 


l c = 1 mA 

80 

165 

- 


(Note 1 ) 

h FE 

l c = 100pA 

70 

150 

- 




l c = 10pA 

60 

120 

- 


Current Gain Matching 
(Note 2) 

4h FE 

l c = 100pA,V CB = 0V 

- 

0.5 

6 

% 



l c = 1 mA, V CB = 0V 





Noise Voltage Density 
(Note 3) 

e N 

f Q = 1 0Hz 
f Q = 100Hz 
f Q = 1 kHz 

- 

0.8 

0.7 

0.7 

2 

1 

1 

nV/>/Hz 



f 0 » 10kHz 

- 

0.7 

1 


Offset Voltage 
(Note 4) 

v os 

Vcb^V-'c^ 00 ^ 

- 

40 

200 

PV 

Offset Voltage Change 
vs. Collector Voltage 

aV os /av cb 

l c = 100pA 

V c B1 = 0V 

V cb 2 = - 36V 

- 

11 

200 

pV 

Offset Voltage Change 
vs. Collector Current 

^os^'c 

V CB = 0V 

l c1 = 10|iA, l C2 = 1 mA 

- 

12 

75 

pV 

Offset Current 

'os 

Ic= 100 pA,V C b = 0V 

- 

6 

45 

nA 

Collector-Base 

Leakage Current 

'cBO 

v cb = - 36V = V max 

- 

50 

400 

pA 

Bulk Resistance 

r BE 

< 

E 

VI 

> -° 

O VI 

>°° 

- 

0.3 

0.75 

SI 

Collector Saturation 

Voltage 

V CE(SAT) 

l c =1mA, l Q = 1 0OpA 

- 

0.026 

0.1 

V 


NOTES: 

1 . Current gain is measured at collector-base voltages (V CB ) swept from 0 to 
v max at indicated collector current. Typicals are measured at V CB = 0V. 

2. Current gain matching (Ah FE ) is defined as: 

AhFE - 10 °( A| B) h FE (MIN) 

lc 

3. Sample tested. Noise tested and specified as equivalent input voltage for 
each transistor. 


4. Offset voltage is defined as: 

V = V -V 
v OS V BE1 V BE2’ 

where V os is the differential voltage for 

IC2 =IC2 :VoS =VbE 1 - VBE2 =— In Il2li 
q \ic 2 » 
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ELECTRICAL CHARACTERISTICS at -40°C < T A < +85°C, unless otherwise noted. 





SSM-2220 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX UNITS 



V cb = 0V,-36V 
l c = 1 mA 

60 

120 



Current Gain 

h FE 

l c = 100^A 

50 

105 

- 



l c =10nA 

40 

90 

- 


Offset Voltage 

v os 

I c = 100hA,V cb = 0V 

- 

30 

265 

HV 

Offset Voltage Drift 
(Note 1 ) 

TCV OS 

i c = ioo^a,v cb = ov 

- 

0.3 

1.0 | 

nV/°C 

Offset Current 

'os 

l Q = 100(iA, V CB = 0V 

- 

10 

200 

nA 

Breakdown Voltage 

bv ceo 


36 

- 

" 

V 


NOTE: 

1 . Guaranteed by V QS test (TCV QS = V QS /T for V QS « V BE ) 
where T = 298°K for T A = 25°C. 


TYPICAL PERFORMANCE CHARACTERISTICS 


LOW FREQUENCY NOISE 



VERTICAL = 40nV/DIV 
HORIZONTAL = Is/DIV 


lc= 1mA 
T a r +25 C 


NOISE FIGURE vs 



COLLECTOR CURRENT (mA) 


EMITTER-BASE 
LOG CONFORMITY 



10 -8 10 “ 7 10“® 10 ~ 5 10 10 -3 

COLLECTOR CURRENT (A) 


TOTAL NOISE vs 
COLLECTOR CURRENT 



1 10 100 1000 
COLLECTOR CURRENT ftiA) 


NOISE VOLTAGE DENSITY 
vs COLLECTOR CURRENT 



0 3 6 9 12 

COLLECTOR CURRENT (mA) 


NOISE VOLTAGE DENSITY 



0.1 1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 
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SATURATION VOLTAGE (VOLTS) 


SSM-2220 


TYPICAL PERFORMANCE CHARACTERISTICS Continued 


CURRENT GAIN vs CURRENT GAIN GAIN BANDWIDTH vs 

COLLECTOR CURRENT vs TEMPERATURE COLLECTOR CURRENT 



COLLECTOR CURRENT (jiA) TEMPERATURE f C) COLLECTOR CURRENT (mA) 


SATURATION VOLTAGE BASE-EMITTER VOLTAGE COLLECTOR-BASE 

vs COLLECTOR CURRENT vs COLLECTOR CURRENT CAPACITANCE vs V CB 



0.01 0.1 1 10 1 10 100 1000 10000 o -5 -10 -15 -20 -25 -30 -35 

COLLECTOR CURRENT (mA) COLLECTOR CURRENT (jiA) COLLECTOR-BASE VOLTAGE (VOLTS) 



SMALL-SIGNAL INPUT 
RESISTANCE (h ie ) vs 
COLLECTOR CURRENT 



s^ss 

rr aaa 

ssss 




i; 

iSSSSi 

iiiihbi 



g 

1) 

Ml 

lllllil 



= 

■■ 

» 

■MUM 

iiiii!SS 

ilium 



1 

I| 

■ill 

HIM 



1 

■■ 

sill 

BBSS 

iiilllBS 

iiiiiiBaa 

IIIIIIMi 



■INI 

■in 

him 


I 


1 10 100 1000 


COLLECTOR CURRENT (|iA) 


SMALL-SIGNAL OUTPUT 
CONDUCTANCE (h oe ) vs 
COLLECTOR CURRENT 


100 



0 . 01 kC 1 ,1 I I Oil 1 1 I LUill 1 1 1.1 II III! 

1 10 100 1000 
COLLECTOR CURRENT (uA) 
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FIGURE 1 a : Super Low Noise Amplifier 


APPLICATIONS INFORMATION 

SUPER LOW NOISE AMPLIFIER 

The circuit in Figure la is a super low noise amplifier with 
equivalent input voltage noise of 0.32nVA/Hz. By paralleling 
SSM-2220 matched pairs, a further reduction of amplifier noise 
is attained by a reduction of the base spreading resistance by a 
factor of 3, and consequently the noise byV^T. Additionally, the 
shot noise contribution is reduced by maintaining a high collec- 
tor current (2mA/device) which reduces the dynamic emitter 
resistance and decreases voltage noise. The voltage noise is 
inversely proportional to the square root of the stage current, and 
current noise increases proportionally to the square root of the 
stage current. Accordingly, this amplifier capitalizes on voltage 
noise reduction techniques at the expense of increasing the 
current noise. However, high current noise is not usually impor- 
tant when dealing with low impedance sources. 

This amplifier exhibits excellent full power AC performance, 
0.08% THD into a 600£2 load, making it suitable for exacting audio 
applications (see Figure 1b). 



FIGURE 1 b : Super Low Noise Amplifier - Total Harmonic 
Distortion 
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O.OIjlF 



FIGURE 2: Super Low Noise Amplifier 


LOW NOISE MICROPHONE PREAMPLIFIER 

Figure 2 shows a microphone preamplifier that consists of a SSM- 
2220 and a low noise op amp. The input stage operates at a 
relatively high quiescent current of 2mA per side, which reduces 
the SSM-2220 transistor's voltage noise. The 1 // corner is less 
than 1Hz. Total harmonic distortion is under 0.005% for a 
1 0Vp-p signal from 20Hz to 20kHz. The preamp gain is 1 00, but 
can be modified by varying R 5 or R 6 (V 0UT /V, N = R 5 /R 6 + 1 ). 


A total input stage emitter current of 4mA is provided by Q 2 . The 
constant current in Q 2 is set by using the forward voltage of a 
GaAsP LED as a reference. The difference between this voltage 
and the V BE of a silicon transistor is predictable and constant (to 
a few percent) over a wide temperature range. The voltage dif- 
ference, approximately 1 V, is dropped across the 250ft resistor 
which produces a temperature stabilized emitter current. 
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FIGURE 3: SSM-2220 Voltage Noise Measurement Circuit 


SSM-2220 NOISE MEASUREMENT 

All resistive components (Johnson noise, e n 2 = 4kTBR, or e n = 
0.13 VW nVA/Tlz, where R is in kQ) and semiconductor junc- 
tions (Shot noise, caused by current flowing through a junction, 
produces voltage noise in series impedances such as transis- 
tor-collector load resistors, l n = 0.556VTpA/yRzwhere I is in nA) 
contribute to the system input noise. 

Figure 3 illustrates a technique for measuring the equivalent in- 
put noise voltage of the SSM-2220. 1 mA of stage current is used 
to bias each side of the differential pair. The 5kQ collector resis- 
tors noise contribution is insignificant compared to the voltage 
noise of the SSM-2220. Since noise in the signal path is referred 
back to the input, this voltage noise is attenuated by the gain of 
the circuit. Consequently, the noise contribution of the collector 
load resistors is only 0.048nV/-/Hz. This is considerably less 
than the typical 0.8nVA/Hz’input noise voltage of the SSM-2220 
transistor. 

The noise contribution of the OP-27 gain stages is also negli- 
gible due to the gain in the signal path. The op amp stages am- 
plify the input referred noise of the transistors to increase the 
signal strength to allow the noise spectral density (e jn x 1 0000) 
to be measured with a spectrum analyzer. And, since we assume 
equal noise contributions from each transistor in the SSM-2220, 
the output is divided by V~2 to determine a single transistor's 
input noise. 

Air currents cause small temperature changes that can appear 
as low frequency noise. To eliminate this noise source, the 
measurement circuit must be thermally isolated. Effects of ex- 
traneous noise sources must also be eliminated by totally 
shielding the circuit. 



CURRENT SOURCES 

A fundamental requirement for accurate current mirrors and 
active load stages is matched transistor components. Due to the 
excellent V BE matching (the voltage difference between V BE ’s 
required to equalize collector current) and gain matching, the 
SSM-2220 can be used to implement a variety of standard cur- 
rent mirrors that can source current into a load such as an ampli- 
fier stage. The advantages of current loads in amplifiers versus 
resistors is an increase of voltage gain due to higher impedances, 
larger signal range, and in many applications, a wider signal 
bandwidth. 

Figure 4 illustrates a cascode current mirror consisting of two 
SSM-2220 transistor pairs. 
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The cascode current source has a common base transistor in 
series with the output which causes an increase in output im- 
pedance of the current source since V CE stays relatively con- 
stant. High frequency characteristics are improved due to a re- 
duction of Miller capacitance. The small-signal output impedance 
can be determined by consulting "h oe vs. Collector Current" 
typical graph. Typical output impedance levels approach the 
performance of a perfect current source. 


Considering a typical collector current of 1 OOpA, we have: 

rOry, = = 1M£2 . 

I.OuMHOS 


Q 2 and Q 3 are in series and operate at the same current level, so 
the total output impedance is: 


R 0 = h FE ro Q3 * (1 60)(1 MQ) = 1 60MQ. 


CURRENT MATCHING 

The objective of current source or mirror design is generation of 
currents that are either matched or must maintain a constant ra- 
tio. However, mismatch of base-emitter voltages cause output 
current errors. Consider the example of Figure 5. If the resistors 
and transistors are equal and the collector voltages are the same, 
the collector currents will match precisely. Investigating the 
current-matching errors resulting from a non-zero V os , we de- 
fine Al c as the current error between the two transistors. 

Graph 5 describes the relationship of current matching errors 
versus offset voltage for a specified average current l c . Note that 
since the relative error between the currents is exponentially 
proportional to the offset voltage, tight matching is required to 
design high accuracy current sources. For example, if the offset 
voltage is 5m V at 1 0OpA collector current, the current matching 
error would be 20%. Additionally, temperature effects such as 
offset drift (3 (liV/°C per mV of V os ) will degrade performance if 
Q 1 and Q 2 are not well matched. 



FI G U R E 5a : Current Matching Circuit 



FIGURE 5b: Current Matching Accuracy % vs. Offset Voltage 
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□ ANALOG 
DEVICES 


Dual Audio 
Analog Switches 


SSM-2402/SSM-2412 


FEATURES 

• "Clickless" Bilateral Audio Switching 

• Guaranteed "Break-Before-Make" Switching 


• Low Distortion 0.003% Typ 

• Low Noise InV/vTiz 

• Superb OFF-lsolation 120dB Typ 

• Low ON-Resistance 60Q Typ 

• Wide Signal Range: 

V S = ±18V 10V RMS 

• Wide Power Supply Range ±9V to ±20V 

• Available in Dice Form 


ORDERING INFORMATION 



PACKAGE 

OPERATING 

PLASTIC 

SOL 

TEMPERATURE 

14-PIN 

16-PIN 

RANGE 

SSM2402P 

SSM2402S 

XIND* 

SSM2412P 

SSM2412S 

XIND* 


*XIND = -40°C to +85°C 


GENERAL DESCRIPTION 

The SSM-2402/241 2 are dual analog switches designed spe- 
cifically for high-performance audio applications. Distortion and 
noise are negligible over the full audio operating range of 20Hz 
to 20kHz at signal levels of up to 1 0V RMS . The SSM-2402/241 2 
offer a monolithic integrated alternative to expensive and noisy 
relays or complex discrete JFET circuits. Unlike conventional 
general-purpose CMOS switches, the SSM-2402/241 2 provide 
superb fidelity without audio "clicks" during switching. 

Conventional TTL or CMOS logic can be used to control the 
switch state. No external pull-up resistors are needed. A "T" 
configuration provides superb OFF-isolation and true bilateral 
operation. The analog inputs and outputs are protected against 
overload and overvoltage. 

An important feature is the guaranteed "break-before-make" for 
all units, even IC-to-IC. In large systems with multiple switching 
channels, all separate switching units must open before any 
switch goes into the ON-state. With the SSM-2402/241 2, you 
can be certain that multiple circuits will all break-before-make. 

The SSM-2402/241 2 represent a significant step forward in 
audio switching technology. Distortion and switching noise are 
significantly reduced in the new SSM-2402/241 2 bipolar-JFET 
switches relative to CMOS switching technology. Based on a 


new circuit topology that optimizes audio performance, the 
SSM-2402/241 2 make use of a proprietary bipolar-JFET proc- 
ess with thin-film resistor network capability. Nitride capacitors, 
which are very area efficient, are used for the proprietary ramp 
generator that controls the switch resistance transition. Very 
wide bandwidth amplifiers control the gate-to-source voltage 
over the full audio operating range for each switch. The ON- 
resistance remains constant with changes in signal amplitude 
and frequency, thus distortion is very low, less than 0.01 % Max. 

The SSM-2402 is the first analog switch truly optimized for high- 
performance audio applications. For broadcasting and other 
switching applications which require a faster switching time, we 
recommend the SSM-241 2 - a dual analog switch with one-third 
of the switching time of the SSM-2402. 


PIN CONNECTIONS 


GROUND (T 
SW, CONTROL [T 
N.C.* {T 
sw 1 IN [T 
N.C.* [T 
SW, OUT fj~ 

v-Cl 




IT] v+ 

n] SW 2 CONTROL 
TO N.C.* 

Til sw 2 IN 
rjD N.C.* 

T] sw 2 OUT 
T] N.C.* 


14-PIN 

PLASTIC DIP 
(P-Suffix) 


GROUND 

SWt control 

N.C.* 
SW, IN 
N.C.* 
SW, OUT 
V- 
N.C. 


* GUARD PINS FOR INPUT/OUTPUT ISOLATION 
(GROUND FOR BEST PERFORMANCE) 


Cl 

[E 

m 

Gl 

Gl 

Cl 

Cl 

Cl 


Ti] v+ 

ill SW 2 CONTROL 
jT] N.C.* 

±3] sw 2 IN 

T5] n.c.* 

IT] SW 2 OUT 
To] N.C. 

T] N.c. 


16-PIN SOL 
(S-Sufflx) 


CONTROL LOGIC 


Logic In 

Switch State 


0 

OFF 

Logic "0" 2 0.8V 

1 

ON 

Logic ”1" > 2.0V 
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FUNCTIONAL DIAGRAM 


V+ ©-► 

GND Q-| 



LOGIC HIGH = ON 
LOGIC LOW = OFF 
S 1 , S 2 s MAIN SWITCHES 
S 3 = SHUNT SWITCH 


TIMING DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 

Operating Temperature Range -40°C to +85°C 

Operating Supply Voltage Range ±20V 

Analog Input Voltage Range 

Continuous V- +3.5V < V A < V+ -3.5V 

Maximum Current Through Switch 20mA 

Logic Input Voltage Range V+ Supply to -2 V 

V A to V- Supply +36V 

PACKAGE TYPE © jA (Note1) 0 jC UNITS 

14-Pin Plastic DIP (P) 76 33 °C/W 

16-Pin SOL (S) 92 27 °C/W 

NOTE: 

1 . @- A is specified for worst case mounting conditions, i.e., ©j A is specified for 
device in socket for P-DiP package: 0 jA is specified for device soldered to 
printed circuit board for SOL package. 


ELECTRICAL CHARACTERISTICS at V s = ±1 8V, R L = OPEN, and -40°C < T A < +85°C, unless otherwise noted. 

All specifications, tables, graphs, and application data apply to both the SSM-2402 and SSM-2412, unless otherwise noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

SSM-2402/2412 

TYP 

MAX 

UNITS 

Positive Supply 

Current 

+ I SY 

V |L = 0.8V, 2.0V 
(Note 1 ) 

- 

6.0 

7.5 

mA 

Negative Supply 

Current 

~'sY 

V |L = 0.8V, 2.0V 
(Note 1) 

- 

4.8 

6.0 

mA 

Groupd Current 

'gnd 

V )L = 0.8V, 2.0V 
(Note 1) 

- 

0.6 

1.5 

mA 

Digital Input High 

V ,NH 

T a = Full Temperature Range (Note 2) 

2.0 

- 

- 

V 

Digital Input Low 

V INL 

T A = Full Temperature Range 

- 

- 

0.8 

V 

Logic Input 

Current 

'logic 

V |N = 0to15V 
(Note 3) 

- 

1.0 

5.0 

MA 

Analog Voltage 

Range (Note 3) 

V ANALOG 


-14.2 

- 

+14.2 

V 
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ELECTRICAL CHARACTERISTICS at V s = ±1 8V, R L = OPEN, and -40°C < T A < +85°C, unless otherwise noted. Continued 







SSM-2402/2412 



PARAMETER 

SYMBOL 

CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Analog Current 

Range (Note 3) 

’analog 



-10 

- 

+10 

mA 

Overvoltage Input 

Current 


V IN :=±V SUPPLY 


- 

±40 

- 

mA 



-14.2<V a <+14.2V 






Switch ON 

Resistance 

r on 

l A = ±10mA, V |L = 2.0V 

T A = + 25°C 

T a = Full Temperature Range 


- 

60 

85 

115 

Q 

Q 



Tempco (AR qn /AT) 


- 

0.2 

- 

nrc 

R 0N Match 

r on match 

-14.2<V a <+14.2V 
l A =±10mA, V |L = 2.0V 


- 

1 

5 

% 

Switch ON 


V |L = 2.0V 






Leakage Current 

’s(ON) 

-14.2V <V a <+14.2V 


- 

0.05 

1.0 

|uA 

(Notes 1 , 3) 

> 

o 

< 

> 


- 

0.05 

10.0 

nA 

Switch OFF 


V |L = 0.8V 






Leakage Current 

'S(OFF) 

-14.2V <V a <+14.2V 


- 

0.05 

1.0 

pA 

(Notes 1 , 3) 

> 

o 

ii 

< 

> 


- 

0.05 

10.0 

nA 

Turn-On Time 

*ON 

V A = +10V, R L = 2kQ 

SSM-2402 

- 

10.0 

- 

ms 









Turn-Off Time 
(Note 6) 

*OFF 

V A = +10V, R l = 2kil 

T a = +25°C, See Test Circuit 

SSM-2402 

SSM-2412 

- 

4.0 

1.5 

- 

ms 

Break-Before-Make 

Time Delay (Note 7) 

toFF-'oN 

T a = +25°C 

SSM-2402 

SSM-2412 

_ 

6.0 

2.0 

_ 

ms 

Charge Injection 

Q 

T, = +25°C 

SSM-2402 

SSM-2412 

_ 

50 

150 

_ 

pC 

ON-State 

Input Capacitance 

CS (ON) 

V A = 1V RMS 

f = 5kHz, T a = +25°C 


- 

12 

- 

pF 

OFF-State 

Input Capacitance 

CS (OFF) 

V A = 1V RMS 

f = 5kHz,T A = +25°C 


- 

4 

- 

pF 

OFF Isolation 

’sO(OFF) 

V A = 1 0V R M s- 20Hz 10 20kHz 

T a = +25°C, See Test Circuit 


- 

120 

- 

dB 

Channel-to-Channel 

n 

V A = 10V RMS’ 20HZ t0 20kHz 



96 


dB 

Crosstalk 

i 

T a = +25°C 




Total Harmonic 

Distortion (Note 8) 

THD 

0 to 10V RMS , 20Hz to 20kHz 

T a = +25°C, R l = 5ki2 


- 

0.003 

0.01 

% 

Spectral Noise 

Density 

e n 

20Hz to 20kHz 

T A = +25°C 


- 

1 

- 

nV/vlHz 

Wideband Noise 

Density 

e n p-p 

20Hz to 20kHz 

T A = + 25°C 


- 

0.2 

- 

^ V P-P 


NOTES: 

1 . " V, L " is the Logic Control Input. 

2. Although not recommended, using unbalanced supplies with the positive rail 
in excess of 20V will result in an increased digital input high threshold. The 
threshold is set to 9.3% of the positive supply voltage. 

3. Current tested at V |N = 0V. This is the worst case condition. 

4. Guaranteed by R QN test condition. 


5. Turn-ON Time is measured from the time the logic input reaches the 50% point 
to the time the output reaches 50% of the final value. 

6. Turn-OFF time is measured from the time the logic input reaches the 50% point 
to the time the output reaches 50% of the initial value. 

7. Switch is guaranteed by design to provide break-before-make operation. 

8. THD guaranteed by design and dynamic R QN testing. 
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DICE CHARACTERISTICS 

SSM-2402/SSM-2412 


1. GROUND 

2. SWITCH 1 CONTROL 
4. SWITCH., IN 

6. SWITCH., OUT 

7. V- SUPPLY 
9. SWITCH 2 IN 

11. switch 2 out 

13. SWITCH 2 CONTROL 

14. V+ SUPPLY 


For additional DICE information, refer 
to PMI's Data Book, Section 2. 


DIE SIZE 0.105 x 0.097 inch, 10,185 sq. mils 
(2.667 x 2.464 mm, 6.57 sq. mm) 


WAFER TEST LIMITS 

at V S = ±18V, R l 

= OPEN, and T a = +25°C. 






SSM-2402/241 2NBC 


PARAMETER 

SYMBOL 

CONDITIONS (Note 1) 

LIMIT 

UNITS 

Positive Supply Current 

+I SY 

V, L = 0.8V 

7.5 

mA MAX 

Negative Supply Current 

_, SY 

V |L = 0.8V 

6.0 

mA MAX 

Ground Current 

*GND 

V |L = 0.8V 

1.5 

mA MAX 

Logic Input Current 

'logic 

V ,N = 0V 

(Note 2) 

5.0 

jiA MAX 

Switch ON Resistance 

r on 

-14.2<V A <+14.2V 
l A = ±1 0mA, V, L = 2.0V 

85 

O MAX 

R 0N Match 

Between Switches 

r on match 

-14.2V <V A <+14.2V 
l A =±1 0mA, V (L = 2.0V 

5 

% MAX 

Switch ON 


-14.2V <V A <+14.2V 


HA MAX 

Leakage Current 

's(ON) 

V (L = 2.0V 

1 .0 

Switch OFF 


-14.2V <V A <+1 4.2V 


HA MAX 

Leakage Current 

's(OFF) 

V |L = 0.8V 

1 .0 


NOTES: 

1. V |L = Logic Control Input 

V A = Applied Analog Input Voltage 
l A = Applied Analog Input Current 

2. Worst Case Condition 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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SUPPLY CURRENT (mA) SWITCHING TIME (ms) TOTAL HARMONIC DISTORTION (%) 


TYPICAL PERFORMANCE CHARACTERISTICS 


SSM-2402/SSM-2412 


TOTAL HARMONIC 
DISTORTION vs FREQUENCY 



10 20 100 Ik 10k 100k 

FREQUENCY (Hz) 


M OFF M ISOLATION 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


•ON" RESISTANCE 



-15 -10 -5 0 5 10 15 

SWITCH INPUT VOLTAGE - V A (VOLTS) 


SSM-2402 
SWITCHING TIME 



-40 -20 0 20 40 60 80 100 


SSM-2412 
SWITCHING TIME 



-40 -20 0 20 40 60 80 100 


CHANNEL SEPARATION 



10 100 Ik 10k 100k 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


FREQUENCY (Hz) 


SUPPLY CURRENT 



-40 -20 0 20 40 60 80 100 

TEMPERATURE ( # C) 


OVERVOLTAGE 



ANALOG INPUT VOLTAGE (VOLTS) 


t 

£ 


LEAKAGE CURRENT vs 



-20 -15 -10 -5 0 5 10 15 20 

ANALOG INPUT VOLTAGE (VOLTS) 
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TYPICAL PERFORMANCE CHARACTERISTICS Continued 


SSM-2402 T on /T off SWITCHING RESPONSE T 0N /T QFF SWITCHING RESPONSE TEST CIRCUIT 




TIME (ms) 


SWITCHING ON/OFF TRANSITION 



SWITCH ON/OFF TRANSITION TEST CIRCUIT 



R s = SWITCH RESISTANCE 


’OFF" ISOLATION TEST CIRCUIT 
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SWITCHING TIME TEST CIRCUIT 



SIMPLIFIED SCHEMATIC 
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SSM-2402/SSM-2412 

APPLICATIONS INFORMATION 
FUNCTIONAL SECTIONS 

Each half of the SSM-2402/2412 are made up of three major 
functional blocks: 

1 . "T M Switch 

Consists of JFET switches S 1 and S 2 in series as the main 
switches and switch S 3 as a shunt. 

2. Ramp Generator 

Generates a ramp voltage on command of the Control Input 
(see Figure 1). A LOW-to-HIGH TTL input at Control Input 
initiates a ramp that goes from approximately -7V to +7V in 
1 2ms for the SSM-2402, and 4ms for the SSM-241 2. Con- 
versely, a HIGH-to-LOW TTL transition at Control Input will 
cause a downward ramp from approximately +7V to -7V in 
1 2ms for the SSM-2402, and 4ms for the SSM-241 2. The 
Ramp Generator also supplies the +3V and -3V reference 
levels for Switch Control. 

3. Switch Control 

The ramp from the Ramp Generator section is applied to 
two differential amplifiers (DA 1 and DA 2 ) in the Switch Con- 
trol block. (See Simplified Schematic). One amplifier is ref- 
erenced to -3V and the other is referenced to +3V. Switch 
Control Outputs are: 

- Main Switch Control - Drives two 0.25mA current 
sources that control the inverting inputs of each op amp. 
When ON, the current sources cause a gate-to-source 
voltage of approximately 2.5V which is sufficient to turn 
off S 1 and S 2 . When the current sources from Main 
Switch Control are OFF, each op amp acts as a unity- 
gain follower (V QS = 0) and both switches (S 1 and S 2 ) 
will be ON. 

- Shunt Switch Control - Controls the Shunt Switch of 
the "T" configuration. 

SWITCH OPERATION 

To see how the SSM-2402/2412 switches work, first consider 
an OFF-to-ON transition. The Control Input is initially LOW and 
the Ramp Output is at approximately -7V. The Main Switch 
Control is HIGH which drives current sources Q 3 and Q 4 to 
0.25mA each. These currents generate 2.5 V gate-to-source 
back bias for each JFET switch (S 1 and S 2 ) which holds them 
OFF. 

The Shunt Switch Control is negative which holds the shunt 
JFET S 3 ON. Undesired feedthrough signals in the series JFET 
switches S 1 and S 2 are shunted to the negative supply rail 
through S 3 . 



FIGURE 1: RAMP Generator 



1 OFF 1 ON 

FOR S 3 FOR S 3 


FIGURE 2: Switch Control 


7-174 SPECIAL FUNCTION AUDIO PRODUCTS 


REV. A 





SSM-2402/SSM-2412 


When the Control Input goes from LOW to HIGH, the Ramp 
Generator slews in the positive direction as shown in Figure 2. 
When the ramp goes more positive than -3V, the Shunt Switch 
Control is pulled positive by differential amplifier DA 2 which 
thereby puts shunt switch S 3 into the OFF state. Note that S 1 
and S 2 are still OFF, so at this time all three switches in the "T" 
are OFF. 

When the Ramp Output reaches +3V, and the drive for the Main 
Switch Control output is gated OFF by differential amplifier DA 1 , 
current sources Q 3 and Q 4 go to the OFF state and the V QS of 
each main switch goes to zero. The high-speed op amp follow- 
ers provide essentially zero gate-to-source voltage over the full 
audio signal range; this in turn assures a constant low imped- 
ance in the ON state over the full audio signal range. Total time 
to turn on the SSM-2402 switch is approximately 10.0ms and 
3.5ms for the SSM-241 2. 

In systems using a large number of separate switches, there are 
advantages to having faster switching into OFF state than into 
the ON state. Break-before-make can be maintained at the 
system level. To see howthe SSM-2402/241 2 guarantee break- 
before-make, consider the ON-to-OFF transition. 

A Control Input LOW initiates the ON-to-OFF transition. The 
Ramp Generator integrates down from approximately +7V to- 
wards -7V. As the ramp goes through +3V, the comparator 
controlling the Main Switches (S 1 and S 2 ) goes HIGH and turns 
on current sources Q 3 and Q 4 which thereby puts S 1 and S 2 into 
the OFF state. At this time, all switches in the "T" are OFF. When 
the ramp integrates down to -3V, the Shunt Switch Control 
changes state and pulls shunt switch S 3 into the ON state. This 
completes the ON-to-OFF transition; S 1 and S 2 are OFF, and 
S 3 is ON to shunt away any undesired feedthrough. Note though 
that the ON-to-OFF time for main switches S 1 and S 2 is only the 
time interval required for the ramp to go from +7V to +3V, about 
4ms for the SSM-2402, and 1 .5ms for the SSM-241 2. The time 
to turn on is about 2.5 times as long as the time to turn off. 


The SSM-2402/241 2 are much more than a simple single solid- 
state switches. The "T" configuration provides superb OFF-iso- 
lation through shunting of feedthrough via shunt switch S 3 . 
Break-before-make is inherent in the design. The ramp provides 
a controlled gating action that softens the ON/OFF transitions. 
Distortion is minimized by holding zero gate-to-source voltage 
for the two main FET switches, S 1 and S 2 , using the two op amp 
followers. Figure 3 shows a distortion comparison between the 
SSM-2402 and a typical CMOS switch. In summary, the SSM- 
2402/241 2 are designed specifically for high-performance au- 
dio system usage. 

OVERVOLTAGE PROTECTION 

The SSM-2402/241 2 are designed to guarantee correct opera- 
tion with inputs of up to ±1 4.2V with ±1 8V supplies. The switch 
input should never be forced to go beyond the supply rails. In the 
OFF condition, if the inputs exceeds +14.2V, there is a risk of 
turning the respective input pass FET "ON." When the input 
voltage rises to within 3.8V of the. positive supply, the op amp 
follower saturates and will not be able to maintain the full 2.5V of 
back bias on the gate-to-source junction. Linder this condition, 
current will flow from the input through the shunt FET to the 
negative supply. This current is substantial, but is limited by the 
FET l DSS . Although this current will not damage the device, there 
is a danger of also turning on the output pass FET, especially if 
the output is close to the negative rail, 

This risk of signal "breakthrough" for inputs above +14.2V can 
be eliminated by using a source resistor of 100-500^ in series 
with the analog input to provide additional current limiting. 

Near the negative supply, transistors Q 3 and Q 4 saturate and 
can no longer keep the switch OFF. Signal breakthrough can- 
not happen, but the danger here is latch-up via a path to V- 
through the shunt FET. Additional circuitry (not shown) has 
been incorporated to turn OFF the shunt FET under these con- 
ditions, and the potential for latch-up is thereby eliminated. 


TYPICAL CONFIGURATION 



* OPTIONAL INPUT RESISTORS 
SEE SECTION ON OVERVOLTAGE PROTECTION 

** OPTIONAL LOAD RESISTORS 

LOWER VALUES WILL MINIMIZE "CLICKS" BUT WITH A 10V RMS INPUT 
IT IS RECOMMENDED THAT THEY BE GREATER THAN 2k U 
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FIGURE 3: Comparison of the SSM-2402 and Typical CMOS 
Switch for Distortion 


DIGITALLY-CONTROLLED ATTENUATOR 

Figure 4 shows the usual approach to digitally-controlled at- 
tenuation. With S 1 closed, the signal passes unattenuated to the 
output. With S 1 open and S 2 closed, the signal is attenuated by 
R 1 and R 2 . The advantage of this configuration is that the 
attenuator current does not have to flow through the switches. 
The disadvantage is that the output is undefined during the 
switching period, which can be several milliseconds. 

The low distortion characteristics of the SSM-2402/241 2 enable 
the alternate arrangement of Figure 5 to be used. Now only one 
switch is required to change between two gains, and there is 
always a signal path to the output. Values for R 2 will typically be 
in the low kilohm range. 

For more gain steps and higher attenuation, the ladder arrange- 
ment of Figure 6 can be used. This enables a wide dynamic 
range to be achieved without the need for large value resistors, 
which would result in degradation of the noise performance. 



FIGURE 6 
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ANALOG 

DEVICES Quad Audio Switch 


SSM-2404 


FEATURES 

"Clickless" Bilateral Audio Switching 
Four SPST Switches in a 16-Pin Package 
Ultralow THD+N: 0.0009% @ 1 kHz (V IN = 2 V rms, 
R l = 100 kft) 

Low Charge Injection: 35 pC 
High OFF Isolation: 100 dB 
Low ON Resistance: 28 
Low Supply Current: 900 pA 

Single or Dual Supply Operation: +11 V to +24 V or 
±5.5 V to ±12 V 
Guaranteed Break-Before-Make 
TTL and CMOS Compatible Logic Inputs 
Low Cost-Per-Switch " 


PIN CONNECTIONS 


SW1 CONTROL U >— • 


SW2 CONTROL \ 5 j— . 


. j u— 13 SW4 CONTROL 

SSM-2404 =i 

r— 12| SW3 CONTROL 


NC = NO CONNECT 


GENERAL DESCRIPTION 

The SSM-2404 integrates four SPST analog switches in a single 
16-pin package. Developed specifically for high performance 
audio applications, distortion and noise are negligible over the 
full operating range of 20 Hz to 20 kHz. With very low charge 
injection of 35 pC, “clickless” audio switching is possible, even 
under the most demanding conditions. 

Switch control is realized by conventional TTL or CMOS logic. 
Guaranteed “break-before-make” operation assures that all 


switches in a large system will open before any switch reaches 
the ON state. 


Single or dual supply operation is possible. Additional features 
include 100 dB OFF isolation, 28 ft ON resistance, and a wide 
signal handling range. Although optimized for virtual ground 
switching, the SSM-2404 maintains good audio performance 
even under low load impedance conditions. 



BLOCK DIAGRAM OF ONE SWITCH CHANNEL 



This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SSM-2404— SPECIFICATIONS 


(V s = ±12 V, T a = +25°C, unless otherwise specified.) 


Parameter 

Symbol 

Conditions 

Min Type Max 

Units 

AUDIO PERFORMANCE 





Total Harmonic Distortion Plus Noise 

THD+N 

@ 1 kHz, with 80 kHz Filter, 





R l = 100 k H, V IN - 2 V rms 

0.0009 

% 

Spectral Noise Density 

e n 

20 Hz to 20 kHz 

0.8 

nV/VHz 

Wideband Noise Density 

e n P“P 

20 Hz to 20 kHz 

0.6 

p.V p-p 

ANALOG SIGNAL SECTION 





Analog Voltage Range 

V A 

Vinh = 2 V, I A = ±2 mA 

±12 

V 

Analog Current Range 

Ia 

V IN h = 2 V, V A = 0 V 

±10 

mA 

ON Resistance 

Ron 

I A = ±10 mA, V A = 7.1 V 

28 

n 

Ron Matching 

Ron Match 

I A = ±10 mA, V A = 0 V 

1 

% 

ON Leakage Current 

Is(ON) 

V A = 7.1 V 

0.1 

nA 

OFF Leakage Current 

Is(OFF) 

v a ~ 7.1 V g 

0.1 

nA 

Charge Injection 

Q 


35 

PC 

ON-State Input Capacitance 

Q>n 

V A = 5 V rms, f ^ 5 kHz 

31 

pF 

OFF-State Input Capacitance 

Coff 

V A = 5 ,V kHz 

17 

pF 

OFF Isolation 

IsO(OFF) 

V A = 7.1 V, 20 Hz-20 kHz 

100 

dB 

Channel-to-Channel Crosstalk 

C T 1 

V A = 7.1 V, 20 Hz-20 kHz 

100 

dB 

CONTROL SECTION 





Digital Input High 

VlNH 

T a = ~40°C to +85°C 

2.0 

V 

Digital Input Low 

V IN L 

T a = -40°C to +85°C 

0.8 

V 

Turn-On Time 1 

toN %+ 

See Test Circuit 

8 

ms 

Turn-Off Time 2 

toFF 

See Test Circuit 

5 

ms 

Break-Before-Make Time Delay 

toFF-toN 


3 

ms 

Logic Input Current 





Logic HI 


Vinh = 2 V 

1.3 

nA 

Logic LO 


V inl = 0.8 V 

1.0 

nA 

POWER SUPPLY 





Supply Voltage Range 

V s 

Single Supply 

+ 11 +24 

V 



Dual Supply 

±5.5 ±12 

V 

Positive Supply Current 

IsY+ 

All Channels On 

0.9 

mA 

Negative Supply Current 

IsY- 

All Channels On 

-0.6 

mA 

Ground Current 


All Channels On 

i 

-0.3 

mA 


NOTES 

^urn-on time is measured from the time the logic input reaches the 50% point to the time the output reaches 50% of the final value. 
2 Turn-off time is measured from the time the logic input reaches the 50% point to the time the output reaches 50% of the initial value. 
Specifications subject to change without notice. 



Figure 1. THD+N vs. Frequency (V s = ±12 V, 
V, N = 2 V rms, with 80 kHz Filter) 


LOGIC 

INPUT 

t r <100ms 

tf<100ms 

SWITCH 

INPUT 

SWITCH 

OUTPUT 



SSM-2404 Switch Timing Circuit 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Peak Signal 

Power 




Bandwidth 

Slew 

Amplitude 

Supplies 



Model 

MHz 

Rate 

Vp,Ip 

Volts 

Page 

Comments 

AD539 

60 


±1 raA Out, ±2 V In 

±5 to ±15 

8-3 

2 CH, Current Output 

AD633 

1 

20 V/jxs 

±10 V 

±8.5 to ±15 

8-11 

Vout 

AD734 

10 

450 V/fjis 

±10 V 

±8.5 to ±15 

8-21 

Vout 

AD834 

>500 


±4 mA Out, ± 1 V In 

±5 

8-33 

Current Output 

DAC8408 

1 

1 mA/jxs 

± 1 mA Out, ±10 V In 

+5 

8-49 

4 CH, Iqutj Parallel Data In 

DAC8800 

DC 


V ss to V dd -4 V 

(V dd -V ss )<18 

8-63 

8 CH, 10 kO, Ro UX , Serial E 

DAC8840 

1 

1.3 V/|xs 

±3 V 

V DD = +5, V ss = -5 

8-77 

8 CH, Vqutj Serial Data In 

DAC8841 

1 

1.3 V/p.s 

0 V to +3 V 

V DD = +5, V ss = -5 

8-87 

8 CH, Vqutj Serial Data In 


Other Special Function Video Products 

Model Page Comments 

AD720 8-19 RGB to NTSC and PAL Converter 

AD9300 8-41 4 x 1 Video Multiplexer 



ANALOG 

DEVICES 


Wideband Dual-Channel 
Linear Multiplier/Divider 


AD539 


FEATURES 

Two Quadrant Multiplication/Division 
Two Independent Signal Channels 
Signal Bandwidth of 60MHz Uout) 

Linear Control Channel Bandwidth of 5MHz 
Low Distortion (to 0.01%) 

Fully-Calibrated, Monolithic Circuit 

APPLICATIONS 

Precise High Bandwidth AGC and VCA Systems 

Voltage-Controlled Filters 

Video-Signal Processing 

High-Speed Analog Division 

Automatic Signal-Leveling 

Square-Law Gain/Loss Control 

PRODUCT DESCRIPTION 

The AD539 is a low-distortion analog multiplier having two 
identical signal channels (Y1 and Y2), with a common X-input 
providing linear control of gain. Excellent ac characteristics up 
to video frequencies and a 3dB bandwidth of over 60MHz are 
provided. Although intended primarily for applications where 
speed is important the circuit exhibits good static accuracy in 
“computational” applications. Scaling is accurately determined 
by a band-gap voltage reference and all critical parameters are 
laser-trimmed during manufacture. 

The full bandwidth can be realized over most of the gain range 
using the AD539 with simple resistive loads of up to 100D. 
Output voltage is restricted to a few hundred millivolts under 
these conditions. Using external op amps such as the AD5539 in 
conjunction with the on-chip scaling resistors, accurate multipli- 
cation can be achieved, with band widths typically as high as 
50MHz. 

The two channels provide flexibility. In single-channel applications 
they may be used in parallel, to double the output current, or in 
series, to achieve a square-law gain function with a control 
range of over lOOdB, or differentially, to reduce distortion. 
Alternatively, they may be used independently, as in audio 
stereo applications, with low crosstalk between channels. Voltage- 
controlled filters and oscillators using the “state-variable” approach 
are easily designed, taking advantage of the dual channels and 
common control. The AD539 can also be configured as a divider 
with signal bandwidths up to 15MHz. 

Power consumption is only 135mW using the recommended 
± 5V supplies. The AD539 is available in three versions: the 
“J” and “K” grades are specified for 0 to + 70°C operation and 
“S” grade is guaranteed over the extended range of — 55°C to 
+ 125°C. The J and K grades are available in either a hermetic 
ceramic DIP (D) or a low cost plastic DIP (N), while the S 
grade is available only in ceramic. AD539 J-grade chips are also 
available. 


PIN CONFIGURATION 



DUAL SIGNAL CHANNELS 

The signal voltage inputs, V Y i and V Y2 , have nominal full-scale 
(FS) values of ±2V with a peak range to ±4.2V (using a negative 
supply of 7.5V or greater). For video applications where differential 
phase is critical a reduced input range of ± 1 volt is recommended, 
resulting in a phase variation of typically ±0.2° at 3.579MHz 
for full gain. The input impedance is typically 400kl> shunted 
by 3pF. Signal channel distortion is typically well under 0.1% at 
10kHz and can be reduced to 0.01% by using the channels 
differentially. 

COMMON CONTROL CHANNEL 

The control channel accepts positive inputs, V x , from 0 to + 3 V 
FS, ±3.3V peak. The input resistance is 5000. An external, 
grounded capacitor determines the small-signal bandwidth and 
recovery time of the control amplifier; the minimum value of 
3nF allows a bandwidth at mid-gain of about 5MHz. Larger 
compensation capacitors slow the control channel but improve 
the high-frequency performance of the signal channels. 

FLEXIBLE SCALING 

Using either one or two external op amps in conjunction with 
the on-chip 6kfl scaling resistors, the output currents (nominally 
± 1mA FS, ± 2.25mA peak) can be converted to voltages with 
accurate transfer functions of V w = ~V x V Y /2, V w = ~V X V Y 
or V w = -2 V x V y (where inputs V x and V Y and output V w 
are expressed in volts), with corresponding full-scale outputs of 
±3V, ±6V and ± 12V. Alternatively, low-impedance grounded 
loads can be used to achieve the full signal bandwidth of 60MHz, 
in which mode the scaling is less accurate. 
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AD539— SPECIFICATIONS 


( @ T a =25°C, V s = ± 5V, unless otherwise specified) 


Parameter 

Conditions 

Min 

AD539J 

Typ 

Max 

AD539K 
Min Typ 

Max 

Min 

AD539S 

Typ 

Max 

Units 

SIGNAL-CHANNEL DYNAMICS 











Minimal Configuration 

Reference Figure 6a 










Bandwidth, - 3dB 

Ri =50n,Q = O.OImlF 

30 

60 


30 60 


30 

60 


MHz 

Maximum Output 

+ 0. 1 V< V x < + 3V, V Y ac = IV rms 


- 10 


- 10 



- 10 


dBm 

Feedthrough , f< 1 MHz 

V x = 0,V Y ac= 1.5V rms 


-75 


-75 



-75 


dBm 

f = 20MHz 



-55 


-55 



-55 


dBm 

Differential Phase Linearity 











- lV<V Y dc< + IV 

f= 3.58MHz, V x = +3V, 


±0.2 


±0.2 



±0.2 


Degrees 

- 2V<V Y dc< + 2V 

V Y ac = lOOmV 


±0.5 


±0.5 



±0.5 


Degrees 

Group Delay 

V x = +3V,V y ac=lVrms,f=lMHz 


4 


4 



4 


ns 

Standard Dual-Channel Multiplier 

Reference Figure 2 










Maximum Output 

V x = +3V,V Y ac= 1.5V rms 


4.5 


4.5 



4.5 


V. 

Feedthrough, f< 100kHz 

V x = 0,V Y ac--- 1.5V rms 


1 


1 



1 


mV rms 

Crosstalk (CHI toCH2) 

V Y , = IV rms, V Y2 = 0 











V x = + 3V, f< 100kHz 


-40 


-40 



-40 


dB 

RTO Noise, 10Hz to 1 MHz 

V x = + 1.5V,V y = 0,Figure2 


200 


200 



200 


nV/VHz 

THD + Noise, V x = + IV, 

f = 10kHz, V Y ac = IV rms 


0.02 


0.02 



0.02 


% 

V Y = + 3V 

f 1 0kHz, V Y ac = 1 V rms 


0.04 


0.04 



0.04 


% 

Wide Band Two-Channel Multiplier 

Figure 2 










Bandwidth, - 3dB(LH0032) 

+ 0.1V<V X < + 3V, V Y ac = IV rms 


25 


25 



25 


MHz 

Maximum Output V x = + 3V 

V Y ac = 1 .5 V rms, f = 3MHz 


4.5 


4.5 



4.5 


V rms 

Feedthrough V x = 0V 

V Y ac = 1 ,0V rms, f = 3MHz 

1 

14 


14 



14 


mV rms 

Wide Band Single Channel VCA 


1 









(AD5539) 

Reference Figure 8 










Bandwidth, - 3dB 

+ 0. 1 V<V X < + 3V, V y ac = IV rms 


50 


50 



50 


MHz 

Maximum Output 

75fl Load 


±1 


. ±1 



±1 


V 

Feedthrough 

V x = -0.01V,f=5MHz 


-54 


-54 



-54 


dB 

CONTROL CHANNEL DYNAMICS 











Bandwidth, - 3dB 

Cc = 3000pF, V x dc - + 1.5V, 











V x ac = lOOmV rms 


5 


5 



5 


MHz 

SIGNAL INPUTS, V YI &V Y2 











Nominal Full-Scale Input 



±2 


±2 



±2 


V 

Operational Range, Degraded Performance 

-V S <7V 

±4.2 



±4.2 


±4.2 



V 

Input Resistance 


! ■ 

400 


400 



400 


kfl 

Bias Current 


i 

10 

30 

10 

20 


10 

30 

p.A 

Offset Voltage 

V x = +3V,V Y = 0 


5 

20 

5 

10 


5 

20 

mV 

(T TO,,, to T max ) 



10 


5 



15 

35 

mV 

Power Supply Sensitivity 

V x = 4 3V,V v = 0 


2 


2 



2 


mV/V 

CONTROL INPUT, V x 











Nominal Full-Scale Input 



+ 3.0 


+ 3.0 



+ 3.0 


V 

Operational Range, Degraded Performance 


+ 3.2 



+ 3.2 


+ 3.2 



V 

Input Resistance 1 



500 


500 



500 


n 

Offset Voltage 



1 

4 

1 

2 


1 

4 

mV 

(T min toT m „) 



3 


2 



2 

5 

mV 

Power Supply Sensitivity 



30 


30 



30 


(jlV/V 

Gain 

(Figure 2) 










Absolute Gain Error 

V x = +0. lVto + 3.0V and 


0.2 

0.4 

0.1 

0.2 


0.2 

0.4 

dB 

(T^ntoT^) 

V y = ±2V 


0.3 


0.15 



0.25 

0.5 

dB 

CURRENT OUTPUT 1 











Full-Scale Output Current 

V x i +3V, V Y = ±2V 


±1 


±1 



±1 


mA 

Peak Output Current 

V x = +3.3V,V Y = ±5V,V S =- ±7.5V 

±2 

±2.8 


±2 ±2.8 


±2 

±2.8 


mA 

Output Offset Current 

V x =0,V Y = 0 


0.2 

1.5 

0.2 

1.5 


0.2 

1.5 

(j.A 

Output Offset Voltage 2 

Figure 2, V x =? 0, V Y = 0 


3 

10 

3 

10 


3 

10 

mV 

Output Resistance 1 



1.2 


1.2 



1.2 


kfl 

Scaling Resistors 











CHI 

Zl, W1 to CHI 


6 


6 



6 


kfl 

CH2 

Z2,W2toCH2 


6 


6 



6 


kfl 

VOLTAGE OUTPUTS, V W1 & V W2 2 

(Figure 2) 










Multiplier Transfer Function, 











Either Channel 


Vvi 

7 = - V X V Y /Vu 

Vw=-V x -Vy /V L 


'= - V x -V v /Vu 


Multiplier Scaling Voltage, V^ 


0.98 

1.0 

1.02 

0.99 1.0 

1.01 

0.98 

1.0 

1.02 

V 

Accuracy 



0.5 

2 

0.5 

1 


0.5 

2 

% 

(T mi „ to T mix ) 



1 


0.5 



1.0 

3 

% 

Power Supply Sensitivity 



0.04 


0.04 



0.04 


%/v 

Total Multiplication Error 3 

V x < = +3V, -2V<V Y <2V 


1 

2.5 

0.6 

1.5 


1 

2.5 

% FSR 

TmintoT^ 



2 


1 



2 

4 

% 

Control Feedthrough 

V x = 0to+3V,Vy = 0 


25 

60 

15 

30 


15 

60 

mV 

TmintoT^ 



30 


15 



60 

120 

mV 

TEMPERATURE RANGE 











Rated Performance 


0 


+ 70 

0 

+ 70 

-55 


+ 125 

°C 

POWER SUPPLIES 











Operational Range 


±4.5 


±15 

±4.5 

±15 

±4.5 


±15 

V 

Current Consumption 











+ V S 



8.5 

10.2 

8.5 

10.2 


8.5 

10.2 

mA 

-Vs 



18.5 

22.2 

18.5 

22.2 


18.5 

22.2 

mA 

PACKAGE OPTIONS 4 




1 







Plastic (N-16) 



AD539JN 

i 

AD539KN 



AD539SD 



TO-116 (D-16) 



AD539JD 


AD539KD 



AD539SD/883B 


Chips 



AD539J Chips 

1 








NOTES 

'Resistance value and absolute current outputs subject to 20% tolerance. 
2 Spec assumes the external op amp is trimmed for negligible input offset, 
includes all errors. 

4 For outline information see Package Information section. 

Specifications subject to change without notice. 


Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AD539 



AD539 Functional Block Diagram 

CIRCUIT DESCRIPTION 

Figure 1 is a simplified schematic of the AD539. Q1-Q6 are 
large-geometry transistors designed for low distortion and low 
noise. Emitter-area scaling further reduces distortion: Q1 is 3 
times larger than Q2; Q4, Q5 are each 3 times larger than Q3, 
Q6, and these transistors are twice as large as Ql, Q2. A stable 
reference current I REF = 1.375mA is produced by a band-gap 
reference circuit and applied to the common emitter node of a 
controlled-cascode formed by Ql and Q2. When V x — 0, all of 
Iref flows in Ql, due to the action of the high-gain control 
amplifier which lowers the voltage on the base of Q2. As V x is 
raised the fraction of Iref flowing in Q2 is forced to balance the 
control current, V x /2.5k. At the full-scale value of V x ( + 3V) 
this fraction is 0.873. Since the bases of Ql, Q4 and Q5 are at 
ground potential and the bases of Q2, Q3 and Q6 are commoned, 
all three controlled-cascodes divide the current applied to their 
emitter nodes in the same proportion. The control loop is stabilized 
by the external capacitor, Cc- 



Figure 1. Simplified Schematic of AD539 Multiplier 

The signal voltages V Y i and V Y 2 (generically referred to as V Y ) 
are first converted to currents by voltage-to-current converters 
with a g m of 575|xmhos; thus, the full-scale input of ±2V becomes 
a current of ± 1.15mA, which is superimposed on a bias of 
2.75mA, and applied to the common emitter node of controlled 
cascode Q3-Q4 or Q5-Q6. As just explained, the proportion of 
this current steered to the output node is linearly dependent on 
V x . Thus for full-scale V x and V Y inputs, a signal of ± 1mA 
(0.873 x ± 1.15mA) and a bias component of 2.4mA (0.873 x 
2.75mA) appear at the output. The bias component absorbed by 
the 1.25k resistors also connected to V x , and the resulting signal 
current can be applied to an external load resistor (in which case 
scaling is not accurate) or can be forced into either or both of 
the 6kH feedback resistors (to the Z and W nodes) by an external 
op amp. In the latter case, scaling accuracy is guaranteed. 


GENERAL RECOMMENDATIONS 

The A D5 39 is a high speed circuit and requires considerable 
care to achieve its full performance potential. A high-quality 
ground plane should be used with the device either soldered 
directly into the board or mounted in a low-profile socket. In 
the figures used here an open triangle denotes a direct, short 
connection to this ground plane; pins 12 and 13 are especially 
prone to unwanted signal pick-up. Power supply decoupling 
capacitors of 0.1 pF to l|xF should be connected from pins 4 
and 5 to the ground plane. In applications using external high-speed 
op amps, separate supply decoupling should be used. It is good 
practice to insert small (100) resistors between the primary 
supply and the decoupling capacitor. 

The control amplifier compensation capacitor, C c , should likewise 
have short leads to ground and a minimum value of 3nF. Unless 
maximum control bandwidth is esssential it is advisable to use a 
larger value of O.OlpF to 0.1 p,F to improve the signal channel 
phase response, high-frequency crosstalk and high-frequency 
distortion. The control bandwidth is inversely proportional to 
this capacitance, typically 2MHz for C c = 0.01 jxF, V x = 1.7V. 
The bandwidth and pulse response of the control channel can 
be improved by using a feedforward capacitor of 5% to 20% the 
value of C c between pins 1 and 2. Optimum transient response 
will result when the rise/fall time of V x are commensurate with 
the control-channel response time. 


V x should not exceed the specified range of 0 to + 3V. The ac 
gain is zero for V x <0 but there remains a feedforward path (see 
Figure 1) causing control feedthrough. Recovery time from 
negative values of V x can be improved by adding a small-signal 
Schottky diode with its cathode connected to pin 2 and its anode 
grounded. This constrains the voltage swing on Cc- Above V x 
= +3.2V, the ac gain limits at its maximum value, but any 
overdrive appears as control feedthrough at the output. 

The power supplies to the AD539 can be as low as ±4.5V and 
as high as ± 16.5V. The maximum allowable range of the signal 
inputs, V Y , is approximately 0.5V above + Vs; the minimum 
value is 2.5V above —Vs- To accommodate the peak specified 
inputs of ±4.2V the supplies should be nominally +5V and 
— 7.5V. While there is no performance advantage in raising 
supplies above these values, it may often be convenient to use 
the same supplies as for the op amps. The AD539 can tolerate 
the excess voltage with only a slight effect on dc accuracy but 
dissipation at ± 16.5V can be as high as 535mW and some form 
of heat-sink is essential in the interests of reliability. 



TRANSFER FUNCTION 

In using any analog multiplier or divider careful attention must 
be paid to the matter of scaling , particularly in computational 
applications. To be dimensionally consistent a scaling voltage must 
appear in the transfer function, which, for each channel of the 
AD539 in the standard multiplier configuration (Figure 2) is 

V w = -V X V Y /Vu 

where the inputs V x and V Y , the output Vw and the scaling 
voltage Vu are expressed in a consistent unit, usually volts. In 
this case, Vu is fixed by the design to be IV and it is often 
acceptable in the interest of simplification to use the less rigorous 
expression 

V w = -V X V Y 

where it is understood that all signals must be expressed in volts , 
that is, they are rendered dimensionless by division by (IV). 
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The accuracy specifications for Vu allow the use of either of the 
two feedback resistors supplied with each channel, since these 
are very closely matched, or they may be used in parallel to 
halve the gain (double the effective scaling voltage), when 

V w = — V x Vy/2. 

When an external load resistor, R L , is used the scaling is no 
longer exact since the internal thin-film resistors, while trimmed 
to high ratiomelric accuracy, have an absolute tolerance of 20%. 
However, the nominal transfer function is 

V w = -VxVy/Vu' 

where the effective scaling voltage, Vu' can be calculated for 
each channel using the formula Vu' = Vu (5R L + 6.25)/R L , 
where R L is expressed in kilohms. For example, when R L = 
100(1, Vu' = 67.5V. Table II provides more detailed data for 
the case where both channels are used in parallel. The AD539 
can also be used with no external load (output pin 11 or 14 
open-circuit), when Vu' is quite accurately 5V. 

BASIC MULTIPLIER CONNECTIONS 

Figure 2 shows the connections for the standard two-channel 
multiplier, using op amps to provide useful output power and 
the AD539 feedback resistors to achieve accurate scaling. The 
transfer function for each channel is 

V w = -V X V Y 

where inputs and outputs are expressed in volts (see TRANSFER 
FUNCTION). At the nominal full-scale inputs of V x = + 3V, 
Vy = ± 2V the full-scale outputs are ± 6V. Depending on the 
choice of op amp, their supply voltages usually need to be about 
2V more than the peak output. Thus, supplies of at least ± 8V 
are required; the AD539 can share these supplies. Higher outputs 
are possible if V x and V Y are driven to their peak values of 
+ 3.2V and ± 4.2V respectively, when the peak output is ± 13.4V. 
This requires operating the op amps at supplies of ± 15V. Under 
these conditions it is advisable to reduce the supplies to the 
AD539 to ± 7.5V to limit its power dissipation; however, with 
some form of heat sinking it is permissible to operate the AD539 
directly from ± 15V supplies. 



At small values of V x the offset voltage of the control channel 
will degrade the gain/loss accuracy. For example, a ± lmV 
offset uncertainty will cause the nominal 40dB attenuation at Vx 
= + 0.01V to range from 39.2dB to 40.9dB. Figure 3a shows 
the maximum gain error boundaries based on the guaranteed 
control-channel offset voltages of ± 2mV for the AD539K and 
±4mV for the AD539J. These curves include all scaling errors 
and apply to all configurations using the internal feedback resistors 
(W1 and W2; alternatively, Z1 and Z2). 



CONTROL VOLTAGE - V x 


Figure 3a. Maximum ac Gain Error Boundaries 


Distortion is a function of the signal input level (V Y ) and the 
control input (Vx). It is also a function of frequency, although 
in practice the op amp will generate most of the distortion at 
frequencies above 100kHz. Figure 3b shows typical results at 
f = 10kHz as a function of Vx with Vy = 0.5 and 1.5V rms. 



Figure 3b. Total Harmonic Distortion vs. Control Voltage 


Figure 2. Standard Dual-Channel Multiplier 

Viewed as a voltage-controlled amplifier, the decibel gain is 
simply 

G = 20 log V x 

where Vx is expressed in volts. This results in a gain of lOdB at 
V x = +3.162V, OdBat V x = + IV, -20dBatV x = + 0.1V, 
and so on. In many ac applications the output offset voltage (for 
Vx = 0 or Vy = 0) will not be of major concern; however, it 
can be eliminated using the offset nulling method recommended 
for the particular op amp, with Vx = V Y = 0. 


In some cases it may be desirable to alter the scaling. This can 
be achieved in several ways. One option is to use both the Z 
and W feedback resistors (see Figure 1) in parallel, in which 
case V w — - V x V Y /2. This may be preferable where the output 
swing must be held at ±3V FS (± 6.75V pk), for example, to 
allow the use of reduced supply voltages for the op amps. Alter- 
natively, the gain can be doubled by connecting both channels 
in parallel and using only a single feedback resistor, in which 
case Vw = ~ 2 V x Y y and the full-scale output is ± 12V. Another 
option is to insert a resistor in series with the control-channel 
input, permitting the use of a large (for example, 0 to -I- 10V) 
control voltage. A disadvantage of this scheme is the need to 
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adjust this resistor to accommodate the tolerance of the nominal 
500H input resistance at pin 1 . The signal channel inputs can 
also be resistively attenuated to permit operation at higher values 
of V Y , in which case it may often be possible to partially compensate 
for the response roll-off of the op amp by adding a capacitor 
across the upper arm of this attenuator. 

Signal-Channel ac and Transient Response 

The HF response is dependent almost entirely on the op amp. 
Note that the “noise gain” for the op amp in Figure 2 is determined 
by the value of the feedback resistor (6kO) and the 1.25kH 
control-bias resistors (Figure 1). Op amps with provision for 
external frequency compensation (such as the AD301 and AD518) 
should be compensated for a closed-loop gain of 6. 

The layout of the circuit components is very important if low 
feedthrough and flat response at low values of V x is to be main- 
tained (see GENERAL RECOMMENDATIONS). 

For wide-bandwidth applications requiring an output voltage 
swing greater than ± IV, the LH0032 hybrid op-amp is recom- 
mended. Figure 4a shows the HF response of the circuit of 
Figure 2 using this amplifier with V Y = IV rms and other 
conditions as shown in Table I. C F was adjusted for ldB peaking 
at V x = + IV; the -3dB bandwidth exceeds 25MHz. The 
effect of signal feedthrough on the response becomes apparent 
at V x = + 0.0 IV. The minimum feedthrough results when V x 
is taken slightly negative to ensure that the residual control-channel 
offset is exceeded and the dc gain is reliably zero. Measurements 
show that the feedthrough can be held to - 90dB relative to full 



Figure 4a. Multiplier HF Response Using LH0032 Op 
Amps 


output at low frequencies and to — 60dB up to 20MHz with 
careful board layout. The corresponding pulse response is shown 
in Figure 4b for a signal input of V Y of ± IV and two values of 
V x ( + 3V and + 0.1V). 



V x = +3V V x = -hO.IV 

Figure 4b. Multiplier Pulse Response Using LH0032 Op 
Amps 


Table I. Summary of Operating Conditions and Perform- 
ance for the AD539 When Used with Various External 
Op-Amp Output Amplifiers 


AD711 1 AD5539 2 LH0032 1 


Op Amp Supply Voltages 

± 15V 

±9V 

±10V 

Op Amp Compensation Capacitor 

None 

None 

l-5pF 

Feedback Capacitor, Cp 

None 

0.25-1. 5pF 

l-4pF 

-3dB Bandwidth, V x = + IV 

900kHz 

50MHz 

25MHz 

Load Capacitance 

<lnF 

<10pF 

<100pF 

HF Feedthrough, 

V x = -0.01V,f = 5MHz 

N/A 

— 54dB 

— 70dB 

rms Output Noise, 

Vx = + IV, BW lOHz-lOkHz 

50fxV 

40jjlV 

30|xV 

V x = + IV, BW 10Hz-5MHz 

120|xV 

620p,V 

500 |aV 


In all cases, 0.47(xF ceramic supply-decoupling capacitors were used at each IC 
pin, the AD539 supplies were ± 5V and the control-compensation capacitor C c 
was 3nF. 

NOTES 

'For the circuit of Figure 2. 

2 For the circuit of Figure 8. 

Minimal Wide-Band Configurations 

The maximum bandwidth can be achieved using the AD539 
with simple resistive loads to convert the output currents to 
voltages. These currents (nominally ± 1mA FS, ± 2.25mA pk, 
into short-circuit loads) are shunted by their source resistance of 
1.25kQ (each channel). Calculations of load power and. effective 
scaling-voltage must allow for this shunting effect when using 
resistive loads. The output power is quite low in this mode, and 
the device behaves more like a voltage-controlled attenuator 
than a classical multiplier. The matching of gain and phase 
between the two channels is excellent. From dc to 10MHz the 
gains are typically within ±0.025dB (measured using precision 
5011 load resistors) and the phase difference within ±0.1°. 


Table II. Summary of Performance for Minimal Configuration 


Load Resistance 

50ft 

75ft 

100ft 

150ft 

600ft 

0/C 

FS Output Voltage 

±92.6mV 

± 134mV 

± 172mV 

±242mV 

±612mV 

±1V 


65.5mV rms 

94.7mV rms 

122mV rms 

171mV rms 

433mV rms 

★ 

FS Output- 

0.086mW 

0.12mW 

0.15mW 

0.195mW 

0.312mW 

- 

Power in Load 

- 10.5dBm 

-9.2dBm 

— 8.3dBm 

-7.1dBm 

— 5.05dBm 

- 

Pk Output Voltage 

±210mV 

±300mV 

± 388mV 

±544mV 

±1V 

±1V 


148mV rms 

212mV rms 

274mV rms 

385mV rms 

* 

* 

Pk Output- 

0.44mW 

0.6mW 

0.75mW 

lmW 

±1V 

±1V 

Power in Load 

-7dBm 

-4.4dBm 

— 2.5dBm 

OdBm 

* 

* 

Effective Scaling 
Voltage, Vu' 

67.5 V 

46.7V 

36.3V 

25.8 V 

10.2V 

5V 


‘Peak negative voltage swing limited by output compliance. 
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For a given load resistance the output power can be quadrupled 
by using both channels in parallel, as shown in Figure 5a. The 
small-signal silicon diode D connected between ground and pins 
12 and 13 provides extra voltage compliance at the output nodes 
in the negative direction (to - IV at 25°C); it is not required 
if the output swing does not exceed -300mV. Table II 
compares performance for various load resistances, using this 
configuration. 



Figure 5b shows the HF response for Figure 5a with the AD539 
in a carefully-shielded 50ft test-environment; the test system 
response was first characterized and this background removed 
by digital signal processing to show the inherent circuit response. 



Figure 5b. HF Response in Minimal Configuration 

In many applications phase linearity over frequency is important. 
Figure 5c shows the deviation from an ideal linear-phase response 
for a typical AD539 over the frequency range dc to 10MHz, for 



Figure 5c. Phase Linearity Error in Minimal Configuration 


V x = + 3V; the peak deviation is slightly more than 1°. Differential 
phase linearity (the stability of phase over the signal window at a 
fixed frequency) is shown in Figure 5d for f = 3.579MHz and 
various values of Vx- The most rapid variation occurs for Vy 
above + IV; in applications where this characteristic is critical, 
it is recommended that a ground-referenced, negative-going 
signal be used. 



- 2-10 12 
SIGNAL INPUT BIAS VOLTAGE - V 


Figure 5d. Differential Phase Linearity in Minimal 
Configuration for a Typical Device 


Differential Configurations 

When only one signal channel must be handled it is often ad- 
vantageous to use the channels differentially. By subtracting the 
CHI and CH2 outputs any residual transient control feedthrough 
is virtually eliminated. Figure 6a shows a minimal configuration 
where it is assumed that the host system uses differential signals 
and a 50ft environment throughout. This figure also shows a 
recommended control-feedforward network to improve large-signal 



Figure 6a. High-Speed Differential Configuration 


response time. The control feedthrough glitch is shown in Figure 
6b, where the input was applied to CHI and only the output of 
CHI was displayed on the oscilloscope. The improvement obtained 
when CHI and CH2 outputs are viewed differentially is clear in 
Figure 6c. The envelope rise-time is of the order of 40ns. 

Lower distortion results when CHI and CH2 are driven by 
complementary inputs and the outputs are utilized differentially, 
using a circuit such as Figure 7a. Resistors R1 and R2 should 
have a value in the range 100 to 1000ft. 
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Figure 6b. Control Feed- 
through One Channel of 
Figure 6a 



Figure 6c. Control Feed- 
through Differential Mode , 
Figure 6a 


A 50MHz VOLTAGE-CONTROLLED AMPLIFIER 

Figure 8 is a circuit for a 50MHz voltage-controlled amplifier 
(VCA) suitable for use in high-quality-video-speed applications. 
The outputs from the two-signal channels of the AD539 are 
applied to the op-amp in a subtracting configuration. This con- 
nection has two main advantages: first, it results in better rejection 
of the control voltage, particularly when over-driven (Vx<0 or 
V X >3.3V). Secondly, it provides a choice of either non-inverting 
or inverting responses, using either inputs Vyi or Vy 2 respectively. 
In this circuit, the output of the op-amp will equal: 


VxCVyi-Vyz) 


for V x >0 


They minimize a secondary distortion mechanism caused by a 
collector-modulation effect in the controlled cascodes (see CIR- 
CUIT DESCRIPTION) by keeping the voltage-swing at the 
outputs to an acceptable level. Figure 7b shows the improvement 
in distortion over the standard configuration (compare Figure 
3b). Note that the Z nodes (pins 10 and 15) are returned to the 
control input; this prevents the early onset of output-transistor 
saturation. 



Figure 7a. Low-Distortion Differential Configuration 



0 12 3 

CONTROL VOLTAGE - V x 


Figure 7b. Distortion in Differential Mode Using 
LH0032 Op Amp 


Even lower distortion (0.01%, or - 80dB) has been measured 
using two output op amps in a configuration similar to Figure 2 
connected as virtual-ground current-summers (to prevent the 
modulation effect). Note that to generate the difference output 
it is merely necessary to connect the output of the CHI op amp 
to the Z node of CH2. In this way, the net input to the CH2 op 
amp is the difference signal, and the low-distortion resultant 
appears as its output. 


Hence, the gain is unity at V x = + 2V. Since V x can over-range 
to + 3.3V, the maximum gain in this configuration is about 
4.3dB. (Note: If pin 9 of the AD539 is grounded, rather than 
connected to the output of the 5539N, the maximum gain becomes 
lOdB.) 




Figure 8. A Wide Bandwidth Voltage-Controlled Amplifier 


The - 3dB bandwidth of this circuit is over 50MHz at full gain, 
and is not substantially affected at lower gains. Of course, when 
V x is zero (or slightly negative, to override the residual input 
offset) there is still a small amount of capacitive feedthrough at 
high frequencies; therefore, extreme care is needed in laying out 
the PC board to minimize this effect. Also, for small values of 
Vx> the combination of this feedthrough with the multiplier 
output can cause a dip in the response where they are out of 
phase. Figure 9a shows the ac response from the noninverting 



Figure 9a. AC Response of the VCA at Different Gains 
V y =0.5V RMS 
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input, with the response from the inverting input, V Y 2 > essentially 
identical. Test conditions: Vyi = 0.5V rms for values of Vx from 
4- lOmV to +3. 16V; this is with a 75fl load on the output. The 
feedthrough at V x = - lOmV is also shown. 

The transient response of the signal channel at V x = +2V, 

Vy = Vout= ± IV is shown in Figure 9b; with the VCA driving 
a 750 load. The rise and fall-times are approximately 7ns. 




JV SOOhV 20fc 


Figure 9b. Transient Response of the Voltage-Controlled 
Amplifier V x = +2 Volts V Y = ± 1 Volt 

A more detailed description of this circuit, including differential 
gain and phase characteristics, is given in the application note 
“Low Cost, Two Chip Voltage-Controlled Amplifier and Video 
Switch” available from Analog Devices. 


NUMERATOR 1 



Figure 10a. Two-Channel Divider with IV Scaling 



BASIC DIVIDER CONNECTIONS 
Standard Scaling 

The AD539 provides excellent operation as a two-quadrant 
analog divider in wide-band wide gain-range applications, with 
the advantage of dual-channel operation. Figure 10a shows the 
simplest connections for division with a transfer function of 

V Y = -VuV w /Vx 

Recalling that the nominal value of Vu is IV, this can be 
simplified to 

V Y = -v w /v x 

where all signals are expressed in volts. The circuit thus exhibits 
unity gain for V x = + IV and a gain of 40dB when V x = 

+ 0.01V. 

The output swing is limited to ± 2V nominal full-scale and 
±4.2V peak (using a - Vs supply of at least 7.5 V for the AD539). 
Since the maximum loss is lOdB (at V x = 3.162V), it follows 
that the maximum input to V w should be ±6.3V (4.4V rms) 
for low distortion applications, and no more than ± 13.4V (9.5V 
rms) to avoid clipping. Note that offset adjustment will be needed 


Figure 10b. HF Response of Figure 10a Divider 

for the op amps to maintain accurate dc levels at the output in 
high gain applications: the “noise gain” is 6V/V X , or 600 at V x 
= + 0.01V. 

The gain-magnitude response for this configuration using the 
LH0032 op amps with nominally 12pF compensation (pins 2 to 
3) and C F = 7pF is shown in Figure 10b; of course, other 
amplifiers may also be used. Since there is some manufacturing 
variation in the HF response of the op amps, and load conditions 
will also affect the response, these capacitors should be adjustable: 
5-15pF is recommended for both positions. The bandwidth in 
this configuration is nominally 17MHz at V x = +3. 162V, 
4.5MHz at V x = + IV, 350kHz at V x = +0.1V and 35kHz at 
V x = +0.01V. The general recommendations regarding the use 
of a good ground plane and power-supply decoupling should be 
carefully observed. 
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□ ANALOG 
DEVICES 


AD633 


Low Cost 
Analog Multiplier 


FEATURES 

Four-Quadrant Multiplication 
Low Cost 8-Pin Package 

Complete — No External Components Required 
Laser-Trimmed Accuracy and Stability 
Total Error Within 2% of FS 
Differential High Impedance X and Y Inputs 
High Impedance Unity-Gain Summing Input 
Laser-Trimmed 10 V Scaling Reference 

APPLICATIONS 

Multiplication, Division, Squaring 
Modulation/Demodulation, Phase Detection 
Voltage-Controlled Amplifiers/Attenuators/Filters 


AD633 CONNECTION DIAGRAMS 
8-Pin Plastic DIP (N) Package 



PRODUCT DESCRIPTION 

The AD633 is a functionally complete, four-quadrant, analog 
multiplier. It includes high impedance, differential X and Y 
inputs and a high impedance summing input (Z). The low 
impedance output voltage is a nominal 10 V full scale provided 
by a buried Zener. The AD633 is the first product to offer 
these features in modestly priced 8-pin plastic DIP and SOIC 
packages. 

The AD633 is laser calibrated to a guaranteed total accuracy of 
2% of full scale. Nonlinearity for the Y-input is typically less 
than 0.1% and noise referred to the output is typically less than 
100 |xV rms in a 10 Hz to 10 kHz bandwidth. A 1 MHz band- 
width, 20 V/p.s slew rate, and the ability to drive capacitive 
loads make the AD633 useful in a wide variety of applications 
where simplicity and cost are key concerns. 

The AD633’s versatility is not compromised by its simplicity. 
The Z-input provides access to the output buffer amplifier, en- 
abling the user to sum the outputs of two or more multipliers, 
increase the multiplier gain, convert the output voltage to a cur- 
rent, and configure a variety of applications. 

The AD633 is available in an 8-pin plastic mini-DIP package 
(N) and 8-pin SOIC (R) and is specified to operate over the 0°C 
to +70°C commercial temperature range. 


8-Pin Plastic SOIC (R) Package 


Y1 

Y2 


-Vs 


z 



X2 

XI 

+v s 

w 


w 


(Xi-x 2 )(Yi-y 2 ) 
10V + 


PRODUCT HIGHLIGHTS 

1 . The AD633 is a complete four-quadrant multiplier offered in 
low cost 8-pin plastic packages. The result is a product that 
is cost effective and easy to apply. 

2. No external components or expensive user calibration are 
required to apply the AD633. 

3. Monolithic construction and laser calibration make the device 
stable and reliable. 

4. High (10 Mfl) input resistances make signal source loading 
negligible. 

5. Power supply voltages can range from ±8Vto±18V. The 
internal scaling voltage is generated by a stable Zener diode; 
multiplier accuracy is essentially supply insensitive. 
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AD633 — SPECIFICATIONS a # = + 25 °c, v s = ±15 v, r l > 2 ko> 


Model 



AD633J 



TRANSFER FUNCTION 


W = 

\X\-x 2 ) (Fi-y 2 ) 

10 V 

+ Z 


Parameter 

Conditions 

Min 

Typ 

Max 

Unit 

MULTIPLIER PERFORMANCE 






Total Error 

-10V<X, Y< +10 V 


±1 

±2 

% Full Scale 

T mi „ to T max 



±3 


% Full Scale 

Scale Voltage Error 

SF = 10.00 V Nominal 


±0.25% 


% Full Scale 

Supply Rejection 

V s = ±14 Vto ±16 V 


±0.01 


% Full Scale 

Nonlinearity, X 

X = ±10 V, Y = +10 V 


±0.4 

±1 

% Full Scale 

Nonlinearity, Y 

Y = ±10 V, X = +10 V 


±0.1 

±0.4 

% Full Scale 

X Feedthrough 

Y Nulled, X = ±10 V 


±0.3 

±1 

% Full Scale 

Y Feedthrough 

X Nulled, Y = ±10 V 


±0.1 

±0.4 

% Full Scale 

Output Offset Voltage 



±5 

±50 

mV 

DYNAMICS 






Small Signal BW 

V 0 = 0. 1 V rms, 


1 


MHz 

Slew Rate 

V 0 = 20 V p-p 


20 


V/jJLS 

Settling Time to 1% 

A V 0 = 20 V 


2 


|XS 

OUTPUT NOISE 






Spectral Density 



0.8 


p.V/VHz 

Wideband Noise 

f = 10 Hz to 5 MHz 


1 


mV rms 


f - 10 Hz to 10 kHz 


90 


p,V rms 

OUTPUT 






Output Voltage Swing 


±11 



V 

Short Circuit Current 

r l = o a 


30 

40 

mA 

INPUT AMPLIFIERS 






Signal Voltage Range 

Differential 

±10 



V 


Common Mode 

±10 



V 

Offset Voltage X, Y 



±5 

±30 

mV 

CMRR X, Y 

V CM = ±10 V, f = 50 Hz 

60 

80 


dB 

Bias Current X, Y, Z 



0.8 

2.0 

pA 

Differential Resistance 



10 


MH 

POWER SUPPLY 






Supply Voltage 






Rated Performance 



±15 


V 

Operating Range 


±8 


±18 

V 

Supply Current 

Quiescent 


4 

6 

mA 


NOTES 

Specifications shown in boldface are tested on all production units at electrical test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±18V 

Internal Power Dissipation 2 500 mW 

Input Voltages 3 ±18 V 

Output Short Circuit Duration Indefinite 

Storage Temperature Range -65°C to + 150°C 

Operating Temperature Range 0°C to + 70°C 

Lead Temperature Range (Soldering 60 sec) +300°C 


NOTES 

‘Stresses above those listed under “Absolute Maximum Ratings 44 may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 

2 8-Pin Plastic Package: 0 JA = 165°C/W; 8-Pin Small Outline Package: 0 JA = 
155°C/W. 

Tor supply voltages less than ± 18 V, the absolute maximum input voltage is 
equal to the supply voltage. 


AD633 ORDERING GUIDE 


Model 

Description 

Package 

Option* 

AD633JN 

8-Pin Plastic DIP 

N-8 

AD633JR 

8-Pin Plastic SOIC 

R-8 


*N = Plastic DIP; R = Small Outline IC (SOIC). 
For outline information see Package Information 
section. 
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AD633 


FUNCTIONAL DESCRIPTION 

The AD633 is a low cost multiplier comprising a translinear 
core, a buried Zener reference, and a unity gain connected out- 
put amplifier with an accessible summing node. Figure 1 shows 
the functional block diagram. The differential X and Y inputs 
are converted to differential currents by voltage-to-current con- 
verters. The product of these currents is generated by the multi- 
plying core. A buried Zener reference provides an overall scale 
factor of 10 V. The sum of (X * Y)/10 + Z is then applied to 
the output amplifier. The amplifier summing node Z allows the 
user to add two or more multiplier outputs, convert the output 
voltage to a current, and configure various analog computational 
functions. 



APPLICATIONS 

The AD633 is well suited for such applications as modulation 
and demodulation, automatic gain control, power measurement, 
voltage controlled amplifiers, and frequency doublers. Note that 
these applications show the pin connections for the AD633JN 
pinout (8-pin DIP), which differs from the AD633JR pinout 
(8-pin SOIC). 

Multiplier Connections 

Figure 3 shows the basic connections for multiplication. The X 
and Y inputs will normally have their negative nodes grounded, 
but they are fully differential, and in many applications the 
grounded inputs may be reversed (to facilitate interfacing with 
signals of a particular polarity, while achieving some desired 
output polarity) or both may be driven. 



-15 V 


Inspection of the block diagram shows the overall transfer func- 
tion to be: 


( grjfr) (*vy 2 ) 

10 V 


ERROR SOURCES 

Multiplier errors consist primarily of input and output offsets, 
scale factor error, and nonlinearity in the multiplying core. The 
input and output offsets can be eliminated by using the optional 
trim of Figure 2. This scheme reduces the net error to scale fac- 
tor errors (gain error) and an irreducible nonlinearity component 
in the multiplying core. The X and Y nonlinearities are typically 
0.4% and 0.1% of full scale, respectively. Scale factor error is 
typically 0.25% of full scale. The high impedance Z input 
should always be referenced to the ground point of the driven 
system, particularly if this is remote. Likewise, the differential 
X and Y inputs should be referenced to their respective grounds 
to realize the full accuracy of the AD633. 


+v s 



Figure 2. Optional Offset Trim Configuration 


Figure 3. Basic Multiplier Connections 


Squaring and Frequency Doubling 

As Figure 4 shows, squaring of an input signal, E, is achieved 
simply by connecting the X and Y inputs in parallel to produce 
an output of E 2 /10 V. The input may have either polarity, but 
the output will be positive. However, the output polarity may 
be reversed by interchanging the X or Y inputs. The Z input 
may be used to add a further signal to the output. 



Figure 4. Connections for Squaring 


When the input is a sine wave E sin oot, this squarer behaves as 
a frequency doubler, since 


Equation 2 shows a dc term at the output which will vary 
strongly with the amplitude of the input, E. This can be 


REV. 0 


SPECIAL FUNCTION VIDEO PRODUCTS 8-13 







AD633 


avoided using the connections shown in Figure 5, where an RC The amplitude of the output is only a weak function of fre- 

network is used to generate two signals whose product has no dc quency: the output amplitude will be 0.5% too low at 

term. It uses the identity: a> = 0.9 a> 0 and to = 1.1 w 0 . 


1 

cos 0 sin 0 = - (sin 2 0) (Eq. 3) 

At u) 0 = 1/CR, the X input leads the input signal by 45° (and 
is attenuated by V2), and the Y input lags the X input by 45° 
(and is also attenuated by y/2). Since the X and Y inputs are 
90° out of phase, the response of the circuit will be (satisfying 
Equation 3.): 


IE E 

w = (icTvT vs [sin “° r +45 °* v5 {sin _45 ° : 


(40 V) 


(sin 2 w 0 t) 


(Eq. 4) 


which has no dc component. Resistors R1 and R2 are included 
to restore the output amplitude to 10 V for an input amplitude 
of 10 V. 


+15V 



Figure 5. "Bounceless" Frequency Doubler 


R 

10kii 



Generating Inverse Functions 

Inverse functions of multiplication, such as division and square 
rooting, can be implemented by placing a multiplier in the feed- 
back loop of an op amp. Figure 6 shows how to implement a 
square rooter with the transfer function 

W = V -(10 V\E (Eq. 5) 


Likewise, Figure 7 shows how to implement a divider using 
a multiplier in a feedback loop. The transfer function for the 
divider is 

W=-\WV)^r (Eq. 6) 

Ex 


for the condition E<0. 


10k<2 

R 

— Wv— 


+15V 



I ' 0W= -lOvf- 

fc x 

Figure 7. Connections for Division 
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Applications— AD633 



Variable Scale Factor 

In some instances, it may be desirable to use a scaling voltage 
other than 10V. The connections shown in Figure 8 increase the 
gain of the system by the ratio (R1 + R2)/R1. This ratio is lim- 
ited to 100 in practical applications. The summing input, S, 
may be used to add an additional signal to the output or it may 
be grounded. 

Current Output 

The AD633’s voltage output can be converted to a current out- 
put by the addition of a resistor R between the AD633’s W and 
Z pins as shown in Figure 9 below. This arrangement forms the 

+15V 



-15 V 


Figure 9. Current Output Connections 


basis of voltage controlled integrators and oscillators as will be 
shown later in this Applications section. The transfer function of 
this circuit has the form 


_ i (Ay-x 2 )(*vr 2 ) 

° R 10 V 


(Eq. 7) 


Linear Amplitude Modulator 

The AD633 can be used as a linear amplitude modulator with 
no external components. Figure 10 shows the circuit. The 
carrier and modulation inputs to the AD633 are multiplied to 
produce a double-sideband signal. The carrier signal is fed for- 
ward to the AD633’s Z input where it is summed with the 
double- sideband signal to produce a double-sideband with 
carrier output. 

Voltage Controlled Low Pass and High Pass Filters 
Figure 1 1 shows a single multiplier used to build a voltage 
controlled low pass filter. The voltage at output A is a result 
of filtering, E s . The break frequency is modulated by E c , the 
control input. The break frequency, f 2 , equals 



= Ec 

(20 V) tt RC 


(Eq. 8) 


and the rolloff is 6 dB per octave. This output, which is at a 
high impedance point, may need to be buffered. 
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The voltage at output B, the direct output of the AD633, has 
the same response up to frequency f 19 the natural breakpoint of 
the RC filter, 


/i = 


1 

2tt RC 


(Eq. 9) 


then levels off to a constant attenuation of f 1 /f 2 = E c /10. 

For example, if R = 8 kfl and C = 0.002 |xF, then output A 
has a pole at frequencies from 100 Hz to 10 kHz for E c ranging 
from 100 mV to 10 V. Output B has an additional zero at 
10 kHz (and can be loaded because it is the multiplier’s low im- 
pedance output). The circuit can be changed to a high pass filter 
by interchanging the resistor and capacitor as shown in Figure 
12, below. 


Voltage Controlled Quadrature Oscillator 

Figure 13 shows two multipliers being used to form integrators 
with controllable time constants in a 2nd order differential equa- 
tion feedback loop. R2 and R5 provide controlled current out- 
put operation. The currents are integrated in capacitors Cl and 
C2, and the resulting voltages at high impedance are applied to 
the X inputs of the “next” AD633. The frequency control in- 
put, E c , connected to the Y inputs, varies the integrator gains 
with a calibration of 100 Hz/V. The accuracy is limited by the 
Y-input offsets. The practical tuning range of this circuit is 
100:1. C2 (proportional to Cl and C3), R3, and R4 provide re- 
generative feedback to start and maintain oscillation. The diode 
bridge, D1 through D4 (lN914s), and Zener diode D5 provide 
economical temperature stabilization and amplitude stabilization 
at ±8.5 V by degenerative damping. The output from the sec- 
ond integrator (10 V sin cot) has the lowest distortion. 



Figure 12. Voltage Controlled High Pass Filter 


AGC AMPLIFIERS 

Figure 14 shows an AGC circuit that uses an rms-dc converter 
to measure the amplitude of the output waveform. The AD633 
and Al, 1/2 of an AD712 dual op amp, form a voltage con- 
trolled amplifier. The rms dc converter, an AD736, measures 
the rms value of the output signal. Its output drives A2, an inte- 
grator/comparator, whose output controls the gain of the voltage 
controlled amplifier. The 1N4148 diode prevents the output of 
A2 from going negative. R8, a 50 kfl variable resistor, sets the 
circuit’s output level. Feedback around the loop forces the volt- 
ages at the inverting and noninverting inputs of A2 to be equal, 
thus the AGC. 


D5 

1N5236 
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Typical Characteristics— AD633 


R2 R3 R4 

Ikft lOkft lOkft 



Figure 14. Connections for Use in Automatic Gain Control Circuit 



10k 100k im iom 

FREQUENCY - Hz 

Figure 15. Frequency Response 



8 10 12 14 16 18 20 

PEAK POSITIVE OR NEGATIVE SUPPLY - Volts 



TEMPERATURE - °C 


Figure 16. Input Bias Current vs. Temperature (X, Y, or Z 
Inputs) 



100 Ik 10k 100k 1M 

FREQUENCY - Hz 


Figure 17. Input and Output Signal Ranges vs. Supply Figure 18. CMRR vs. Frequency 

Voltages 
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NOISE SPECTRAL DENSITY - uVA/fiz 


AD633 




FREQUENCY - Hz FREQUENCY - Hz 

Figure 19. Noise Spectral Density vs. Frequency Figure 20. AC Feedthrough vs. Frequency 
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ANALOG 

DEVICES 


RGB to NTSC/PAL Encoder 


AD720 


FEATURES 

Separate Chrominance, Luminance, and Composite 
Video Outputs 

Drives 75 11 Reverse-Terminated Loads 
No External Filters or Delay Lines Required 
Comes in Compact 28-Pin PLCC 
Logic Selectable NTSC or PAL Encoding Modes 
Logic Selectable Power-Down Mode 

APPLICATIONS 

RGB to NTSC or PAL Encoding 


PIN CONFIGURATION 


<3 O O O a. o z 

< z z z < z > 


ENCD [_5_ 


25| DGND 

RDIN [7 


24] SYNC 

AGND \T 

AD720 

23] DPOS 

GRIN [T 

TOP VIEW 

22 ] DGND 

AGND [T 

(Not To Scale) 

2l] DPOS 

BLIN Qo 


2<>] 4FSC 

stnd[T7 


19 ] DGND 


PRODUCT DESCRIPTION 

The AD720 RGB to NTSC/PAL Encoder is a BiCMOS LSI 
circuit that converts red, green and blue color component sig- 
nals into their corresponding luminance (baseband amplitude) 
and chrominance (subcarrier amplitude/phase) signals in accor- 
dance with either NTSC or PAL standards. These twp ou^pu^J % 
are also combined to provide a composite video output. All 
three outputs are available separately at voltages at twice the 
standard signal levels as required for driving 75 fi reverse- 
terminated cables. V * ^ ^ r ^ 

The AD720 provides a complete, fully calibrated function, re- 
quiring only termination resistors, decoupling networks, a clock jf 
input at four times the subcarrier frequency, and a composite 
sync pulse. The AD720 also has two control inputs: one input 
selects the TV standard (NTSC/PAL) and the other (ENCD) 
powers down most sections of the chip when the encoding func- 
tion is not in use. All logical inputs are CMOS compatible. The 
chip operates from ±5 V supplies. 

All required low-pass filters are on chip. After the input signals 
pass through a precision RGB to YUV encoding matrix, two 
on-chip low-pass filters limit the bandwidth of the U and V 
color-difference signals to 1.2 MHz prior to binary modulation; 
a third low-pass filter at 5.5 MHz follows the modulators to 
limit the harmonic content of the output. The U and V signal 
delays in the chroma filters are matched by an on-chip sampled- 
data delay line in the Y signal path; to prevent aliasing, a prefil- 
ter at 5 MHz is included ahead of the delay line and a second 
5 MHz filter is added after the delay line to suppress harmonics 
in the output. The low-pass filters are optimized for minimum 
pulse overshoot. 

The AD720 is available in a 28-pin plastic leaded chip carrier 
for the 0°C to 70°C commercial temperature range. 


[12jLl3j[14jll5jll6jl17jll8] 
O < OT (/)(/)< 0 
Z 2 O £ O 2 UJ 

0 g Q. s a- 3 z 

< o < o < - 1 > 


NC = NO CONNECT 

Tf % ' 

^ \ | '1 

PIN DESCRIPTIONS 

ENCD A logical low level powers down chip when not in use. 

STND A logical high level input selects NTSC encoding; 

A logical low level selects PAL encoding. 

4FSC Clock input at four times subcarrier frequency. 

SYNC Input pin for composite television synchronization 
pulses. 

RDIN Red Component Input. 

GRIN Green Component Input. 

BLIN Blue Component Input. These three analog inputs are 
0 to +700 mV for PAL or 0 to 714 mV for NTSC. 

CRMA Chrominance Output (Subcarrier Only). 

900 mV p-p plus burst (286 mV p-p for NTSC, 

300 mV p-p for PAL).* 

CMPS Composite video output, 

-300 mV to +700 mV peak (PAL) 
or -286 mV to 950 mV (NTSC).* 

LUMA Luminance plus SYNC output, 

-300 mV to +714 mV peak (PAL) 
or -286 mV to 714 mV (NTSC).* 

AGND Analog Ground Connections (4). 

DGND Digital Ground Connections (3). 

APOS Analog Positive Supply (+5 V ±5%) (3). 

DPOS Digital Positive Supply (+5 V ±5%) (2). 

VNEG System Negative Supply (-5 V ±5%) (2). 

*Measured at 75 O reverse-terminated load; double these values at IC pins. 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD720 
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/ 


TIMING 

INPUTS 


ENCODED 

OUTPUTS 


Typical Application 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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□ ANALOG 
DEVICES 


10 MHz, 4-Quadrant 
Multiplier/Divider 


AD734 


FEATURES 
High Accuracy 

0.1% Typical Error 
High Speed 

10 MHz Full-Power Bandwidth 
450 V/ps Slew Rate 
200 ns Settling to 0.1% at Full Power 
Low Distortion 
-80 dBc from Any Input 
Third-Order IMD Typically -75 dBc at 10 MHz 
Low Noise 

94 dB SNR, 10 Hz to 20 kHz 
70 dB SNR, 10 Hz to 10 MHz 
Direct Division Mode 
2 MHz BW at Gain of 100 

APPLICATIONS 

High Performance Replacement for AD534 

Multiply, Divide, Square, Square Root 

Modulator, Demodulator 

Wideband Gain Control, RMS-DC Conversion 

Voltage-Controlled Amplifiers, Oscillators, and Filters 

Demodulator with 40 MHz Input Bandwidth 

PRODUCT DESCRIPTION 

The AD734 is an accurate high speed, four-quadrant analog 
multiplier that is pin-compatible with the industry-standard 
AD534 and provides the transfer function W = XY/U. The 
AD734 provides a low-impedance voltage output with a full- 
power (20 V pk-pk) bandwidth of 10 MHz. Total static error 
(scaling, offsets, and nonlinearities combined) is 0.1% of Full 
Scale. Distortion is typically less than -80 dBc and guaranteed. 
The low-capacitance X, Y and Z inputs are fully differential. In 
most applications, no external components are required to define 
the function. 

The internal scaling (denominator) voltage U is 10 V, derived 
from a buried-Zener voltage reference. A new feature provides 
the option of substituting an external denominator voltage, 
allowing the use of the AD734 as a two-quadrant divider with a 
1000:1 denominator range and a signal bandwidth that remains 
10 MHz to a gain of 20 dB, 2 MHz at a gain of 40 dB and 
200 kHz at a gain of 60 dB, for a gain-bandwidth product of 
200 MHz. 

The advanced performance of the AD734 is achieved by a com- 
bination of new circuit techniques, the use of a high speed 
complementary bipolar process and a novel approach to laser- 
trimming based on ac signals rather than the customary dc 
methods. The wide bandwidth (>40 MHz) of the AD734’s in- 
put stages and the 200 MHz gain-bandwidth product of the 
multiplier core allow the AD734 to be used as a low distortion 


CONNECTION DIAGRAM 

14-Pin DIP 
(Q Package) 



VP POSITIVE SUPPLY 
DD DENOMINATOR DISABLE 
W -OUTPUT 
Z1 -| 

Z INPUT 

Z2 J 

ER REFERENCE VOLTAGE 
VN - NEGATIVE SUPPLY 


demodulator with input frequencies as high as 40 MHz as long 
as the desired output frequency is less than 10 MHz. 

The AD734AQ and AD734BQ are specified for the industrial 
temperature range of -40°C to +85°C and come in a 14-pin 
ceramic DIP. The AD734SQ/883B, available processed to MIL- 
STD-883B for the military range of -55°C to +125°C, is avail- 
able in a 14-pin ceramic DIP. 

PRODUCT HIGHLIGHTS 

The AD734 embodies more than two decades of experience in 
the design and manufacture of analog multipliers, to provide: 

1 . A new output amplifier design with more than twenty times 
the slew-rate of the AD534 (450 V/jjls versus 20 V/|xs) for a 
full power (20 V pk-pk) bandwidth of 10 MHz. 

2. Very low distortion, even at full power, through the use of 
circuit and trimming techniques that virtually eliminate all of 
the spurious nonlinearities found in earlier designs. 

3. Direct control of the denominator, resulting in higher multi- 
plier accuracy and a gain-bandwidth product at small denom- 
inator values that is typically 200 times greater than that of 
the AD534 in divider modes. 

4. Very clean transient response, achieved through the use of a 
novel input stage design and wide-band output amplifier, 
which also ensure that distortion remains low even at high 
frequencies. 

5. Superior noise performance by careful choice of device geom- 
etries and operating conditions, which provide a guaranteed 
88 dB of dynamic range in a 20 kHz bandwidth. 
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AD734— SPECIFICATIONS 


(T a = +25°C, +V S = VP = +15 V, -V s = VH = -15 V, R L > 2 kft) 


TRANSFER FUNCTION 


W? = A 0 


(x 1 -x 2 hy 1 -y 2 ) 

{U x -U 2 ) 


(Zi - z 2 ) 




A 

B 

S 


Parameter 

Conditions 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Units 

MULTIPLIER PERFORMANCE 






Transfer Function 


W = XY/10 

W = XY/10 

W = XY/10 


Total Static Error 1 

-10 V < X,Y < 10 V 

0.1 0.4 

0.1 0.25 

0.1 0.4 

% 

Over T mi „ to T m „ v 


1 

0.6 

1.25 

% 

vs. Temperature 

T min to T mav 

0.004 

0.003 

0.004 

%/°c 

vs. Either Supply 

±V S = 14 V to 16 V 

0.01 0.05 

0.01 0.05 

0.01 0.05 

%/v 

Peak Nonlinearity 

-10V<X< +10 V, Y = +10 V 

0.05 

0.05 

0.05 

% 


-10 V< Y< +10 V,X= +10 V 

0.025 

0.025 

0.025 

% 

THD 2 

X = 7 V rms, Y = +10 V, f < 5 kHz 

-58 

-66 

-58 

dBc 



-55 

-63 

-55 

dBc 


Y = 7 V rms, X = +10 V, f < 5 kHz 

-60 

-80 

-60 

dBc 


T min to T max 

-57 

-74 

-57 

dBc 

Feedthrough 

X = 7 V rms, Y = nulled, f < 5 kHz 

-85 -60 

-85 -70 

-85 -60 

dBc 


Y = 7 V rms, X = nulled, f < 5 kHz 

-85 -66 

-85 -76 

-85 -66 

dBc 

Noise (RTO) 

X = Y = 0 





Spectral Density 

100 Hz to 1 MHz 

1.0 

1.0 

1.0 

jcV/VHz 

Total Output Noise 

10 Hz to 20 kHz 

-94 -88 

-94 -88 

-94 -88 

dBc 


T min to T max 

-85 

-85 

-85 

dBc 

DIVIDER PERFORMANCE (Y = 10 V) 






Transfer Function 


W = XY/U 

W = XY/U 

W = XY/U 


Gain Error 

Y = 10 V, U = 100 mV to 10 V 

1 

1 

1 

% 

X Input Clipping Level 

Y< 10 V 

1.25 x U 

1.25 x U 

1.25 x U 

V 

U Input Scaling Error 3 


0.3 

0.15 

0.3 

% 


T min to T max 

0.8 

0.65 

1 

% 

(Output to 1%) 

U = 1 V to 10 V Step , X = 1 V 

100 

100 

100 

ns 

INPUT INTERFACES (X, Y, & Z) 






3 dB Bandwidth 


40 

40 

40 

MHz 

Operating Range 

Differential or Common Mode 

±12.5 

±12.5 

±12.5 

V 

X Input Offset Voltage 


15 

5 

15 

mV 


T mi „ to T max 

25 

15 

25 

mV 

Y Input Offset Voltage 


10 

5 

10 

mV 


T min to T max 

12 

6 

12 

mV 

Z Input Offset Voltage 


20 

10 

20 

mV 


T min to T max 

50 

50 

90 

mV 

Z Input PSRR (Either Supply) 

f < 1 kHz 

54 70 

66 70 

54 70 

dB 


T min to T max 

50 

56 

50 

dB 

CMRR 

f = 5 kHz 

70 85 

70 85 

70 85 

dB 

Input Bias Current (X, Y, Z Inputs) 


50 300 

50 150 

50 300 

nA 


T mi „ to T max 

400 

300 

500 

nA 

Input Resistance 

Differential 

50 

50 

50 

kH 

Input Capacitance 

Differential 

2 

2 

2 

pF 

DENOMINATOR INTERFACES (U0, Ul, & U2) 





Operating Range 


VN to VP-3 

VN to VP-3 

VN to VP-3 

V 

Denominator Range 


1000:1 

1000:1 

1000:1 


Interface Resistor 

Ul to U2 

28 

28 

28 

kn 

OUTPUT AMPLIFIER (W) 






Output Voltage Swing 

T min to T max 

±12 

±12 

±12 

V 

Open-Loop Voltage Gain 

X = Y = 0, Input to Z 

72 

72 

72 

dB 

Dynamic Response 

From X or Y Input, CL < 20 pF 





3 dB Bandwidth 

W < 7 V rms 

8 10 

8 10 

8 10 

MHz 

Slew Rate 


450 

450 

450 

V/fJLS 

Setding Time 

+20 V or -20 V Output Step 





To 1% 


125 

125 

125 

ns 

To 0.1% 


200 

200 

200 

ns 

Short-Circuit Current 

T min to T min 

20 50 80 

20 50 80 

20 50 80 

mA 

POWER SUPPLIES, ±V S 






Operating Supply Range 


±8 ±16.5 

±8 ±16.5 

±8 ±16.5 

V 

Quiescent Current 

T„i„ to T„„ 

6 9 12 

6 9 12 

6 9 12 

mA 


NOTES 

figures given are percent of full scale (e.g., 0.01% = 1 mV). 

2 dBc refers to deciBels relative to the full scale input (carrier) level of 7 V rms. 

3 See Figure 10 for test circuit. 

All min and max specifications are guaranteed. Specifications in Boldface are tested on all production units at final electrical test. 
Specifications subject to change without notice. 


8-22 SPECIAL FUNCTION VIDEO PRODUCTS 


REV. A 



AD734 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±18V 

Internal Power Dissipation 2 

for Tj max = 175°C 500 mW 

X, Y and Z Input Voltages VN to VP 

Output Short Circuit Duration Indefinite 

Storage Temperature Range 

Q -65°C to +150°C 

Operating Temperature Range 

AD734A, B -40°C to +85°C 

AD734S -55°C to +125°C 

Lead Temperature Range (soldering 60 sec) +300°C 

Transistor Count 81 


NOTES 

‘Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 

2 14-Pin Ceramic DIP: 0 JA = 110°C/W 


ORDERING GUIDE 


Model 

Temperature 

Range 

Package 

Option* 

AD734AQ 

-40°C to +85°C 

Q-14 

AD734BQ 

— 40°C to + 85°C 

Q-14 

AD734SQ/883B 

-55°C to + 125°C 

Q-14 


*Q = Cerdip. For outline information see Package Information section. 
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Figure 7. AD734 Block Diagram 

FUNCTIONAL DESCRIPTION 

Figure 1 is a simplified block diagram of the AD734. Operation 
is similar to that of the industry-standard AD534 and in many 
applications these parts are pin-compatible. The main functional 
difference is the provision for direct control of the denominator 
voltage, U, explained fully on the following page. Internal sig- 
nals are actually in the form of currents, but the function of the 
AD734 can be understood using voltages throughout, as shown 
in this figure. Pins are named using upper-case characters (such 
as XI, Z2) while the voltages on these pins are denoted by sub- 
scripted variables (for example, X 15 Z 2 ). 

The AD734’s differential X, Y and Z inputs are handled by 
wideband interfaces that have low offset, low bias current and 
low distortion. The AD734 responds to the difference signals 
X = Xj - X 2 , Y = Yj - Y 2 and Z = Z x - Z 2 , and rejects 
common-mode voltages on these inputs. The X, Y and Z inter- 
faces provide a nominal full-scale (FS) voltage of ± 10 V, but, 
due to the special design of the input stages, the linear range of 
the differential input can be as large as ±17 V. Also unlike pre- 
vious designs, the response on these inputs is not clipped 
abruptly above ± 15 V, but drops to a slope of one half. 

The bipolar input signals X and Y are multiplied in a translinear 
core of novel design to generate the product XY/U. The denom- 
inator voltage, U, is internally set to an accurate, temperature- 
stable value of 10 V, derived from a buried-Zener reference. An 
uncalibrated fraction of the denominator voltage U appears 
between the voltage reference pin (ER) and the negative supply 
pin (VN), for use in certain applications where a temperature- 
compensated voltage reference is desirable. The internal denomi- 
nator, U, can be disabled, by connecting the denominator 
disable Pin 13 (DD) to the positive supply pin (VP); the denom- 
inator can then be replaced by a fixed or variable external volt- 
age ranging from 10 mV to more than 10 V. 

The high-gain output op-amp nulls the difference between 
XY/U and an additional signal Z, to generate the final output 
W. The actual transfer function can take on several forms, de- 
pending on the connections used. The AD734 can perform all of 
the functions supported by the AD534, and new functions using 
the direct-division mode provided by the U-interface. 

Each input pair (XI and X2, Y1 and Y2, Z1 and Z2) has a dif- 
ferential input resistance of 50 kH; this is formed by “real” re- 
sistors (not a small-signal approximation) and is subject to a 
tolerance of ±20%. The common-mode input resistance is sev- 
eral megohms and the parasitic capacitance is about 2 pF. 

The bias currents associated with these inputs are nulled by 
laser-trimming, such that when one input of a pair is optionally 


ac-coupled and the other is grounded, the residual offset voltage 
is typically less than 5 mV, which corresponds to a bias current 
of only 100 nA. This low bias current ensures that mismatches 
in the sources resistances at a pair of inputs does not cause an 
offset error. These currents remain low over the full tempera- 
ture range and supply voltages. 

The common-mode range of the X, Y and Z inputs does not 
fully extend to the supply rails. Nevertheless, it is often possible 
to operate the AD734 with one terminal of an input pair con- 
nected to either the positive or negative supply, unlike previous 
multipliers. The common-mode resistance is several megohms. 

The full-scale output of ± 10 V can be delivered to a load resis- 
tance of 1 kO (although the specifications apply to the standard 
multiplier load condition of 2 kfl). The output amplifier is 
stable driving capacitive loads of at least 100 pF, when a slight 
increase in bandwidth results from the peaking caused by this 
capacitance. The 450 V/|xs slew rate of the AD734’s output am- 
plifier ensures that the bandwidth of 10 MHz can be maintained 
up to the full output of 20 V pk-pk. Operation at reduced sup- 
ply voltages is possible, down to ±8 V, with reduced signal 
levels. 


Available Transfer Functions 

The uncommitted (open-loop) transfer function of the AD734 is 


W = A 0 


jgi - x 2 m - y 2 ) 

u 


(Z i - Z 2 ) >, 


(1) 


where A 0 is the open-loop gain of the output op-amp, typically 
72 dB. When a negative feedback path is provided, the circuit 
will force the quantity inside the brackets essentially to zero, 
resulting in the equation 


(X! - X 2 )(Yi - Y 2 ) = U (Zj - Z 2 ). (2) 


This is the most useful generalized transfer function for the 
AD734; it expresses a balance between the product XY and the 
product UZ. The absence of the output, W, in this equation 
only reflects the fact that we have not yet specified which of the 
inputs is to be connected to the op-amp output. 


Most of the functions of the AD734 (including division, unlike 
the AD534 in this respect) are realized with Z x connected to W. 
So, substituting W in place of Z l in the above equation results 
in an output. 


W = 


(*i - X 2 )(Y\ - Y 2 ) 

u 


+ z 2 . 


( 3 ) 


The free input Z2 can be used to sum another signal to the out- 
put; in the absence of a product signal, W simply follows the 
voltage at Z2 with the full 10 MHz bandwidth. When not 
needed for summation, Z2 should be connected to the ground 
associated with the load circuit. We can show the allowable po- 
larities in the following shorthand form: 


( ± W) 


(±X)(±Y) 

( + U) + 


±z. 


( 4 ) 


In the recommended direct divider mode, the Y input is set to a 
fixed voltage (typically 10 V) and U is varied directly; it may 
have any value from 10 mV to 10 V. The magnitude of the ratio 
X/U cannot exceed 1.25; for example, the peak X-input for U 
= 1 V is ±1.25 V. Above this level, clipping occurs at the posi- 
tive and negative extremities of the X-input. Alternatively, the 
AD734 can be operated using the standard (AD534) divider con- 
nections (Figure 8), when the negative feedback path is estab- 
lished via the Y 2 input. Substituting W for Y 2 in Equation (2), 
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we get 


(Z 2 - Zj) 

W=u vtlk +Y '- (5) 

In this case, note that the variable X is now the denominator, 
and the above restriction (X/U < 1.25) on the magnitude of the 
X input does not apply. However, X must be positive in order 
for the feedback polarity to be correct. Y x can be used for sum- 
ming purposes or connected to the load ground if not needed. 
The shorthand form in this case is 

( ± w) = ( + u) + ( ± n (6) 

In some cases, feedback may be connected to two of the avail- 
able inputs. This is true for the square-rooting connections (Fig- 
ure 9), where W is connected to both Xj and Y 2 . Setting 
Xj = W and Y 2 = W in Equation (2), and anticipating the pos- 
sibility of again providing a summing input, so setting X 2 = S 
and Yj = S, we find, in shorthand form 

(±W)= V( + U)( + Z ) + ( ± S). (7) 

This is seen more generally to be the geometric-mean function, 
since both U and Z can be variable; operation is restricted to 
one quadrant. Feedback may also be taken to the U-interface. 
Full details of the operation in these modes is provided in the 
appropriate section of this data sheet. 

Direct Denominator Control 

A valuable new feature of the AD734 is the provision to replace 
the internal denominator voltage, U, with any value from 
+ 10 mV to +10 V. This can be used (1) to simply alter the 
multiplier scaling, thus improve accuracy and achieve reduced 
noise levels when operating with small input signals; (2) to im- 
plement an accurate two-quadrant divider, with a 1000:1 gain 
range and an asymptotic gain-bandwidth product of 200 MHz; 
(3) to achieve certain other special functions, such as AGC or 
rms. 

Figure 2 shows the internal circuitry associated with denomina- 
tor control. Note first that the denominator is actually propor- 
tional to a current, Iu, having a nominal value of 356 (jlA for 
U = 10 V, whereas the primary reference is a voltage, generated 
by a buried-Zener circuit and laser-trimmed to have a very low 
temperature coefficient. This voltage is nominally 8 V with a 
tolerance of ±10%. 



Figure 2. Denominator Control Circuitry 


Understanding the AD734 


After temperature-correction (block TC), the reference voltage is 
applied to transistor Qd and trimmed resistor Rd, which gener- 
ate the required reference current. Transistor Qu and resistor 
Ru are not involved in setting up the internal denominator, and 
their associated control pins U0, U1 and U2 will normally be 
grounded. The reference voltage is also made available, via the 
100 kfl resistor Rr, at Pin 9 (ER); the purpose of Qr is ex- 
plained below. 

When the control pin DD (denominator disable) is connected to 
VP, the internal source of Iu is shut off, and the collector cur- 
rent of Qu must provide the denominator current. The resistor 
Ru is laser-trimmed such that the multiplier denominator is ex- 
actly equal to the voltage across it (that is, across pins U1 and 
U2). Note that this trimming only sets up the correct internal 
ratio; the absolute value of Ru (nominally 28 kfl) has a tolerance 
of ±20%. Also, the alpha of Qu, (typically 0.995) which might 
be seen as a source of scaling error, is canceled by the alpha of 
other transistors in the complete circuit. 

In the simplest scheme (Figure 3), an externally-provided 
control voltage, V G , is applied directly to U0 and U2 and the 
resulting voltage across Ru is therefore reduced by one V BE . For 
example, when V G = 2 V, the actual value of U will be about 
1.3 V. This error will not be important in some closed-loop ap- 
plications, such as automatic gain control (AGC), but clearly is 
not acceptable where the denominator value must be well- 
defined. When it is required to set up an accurate, fixed value 
of U, the on-chip reference may be used. The transistor Qr is 
provided to cancel the V BE of Qu, and is biased by an external 
resistor, R2, as shown in Figure 4. R1 is chosen to set the de- 
sired value of U and consists of a fixed and adjustable resistor. 



Figure 3. Low-Accuracy Denominator Control 



Figure 4. Connections for a Fixed Denominator 
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Table I shows useful values of the external components for set- 
ting up nonstandard denominator values. 


Denominator 

R1 (Fixed) 

R1 (Variable) 

R2 

5 V 

34.8 kfl 

20 kfl 

120 kfl 

3 V 

64.9 kft 

20 kfl 

220 kfl 

2 V 

86.6 kH 

50 kO 

300 kn 

1 V 

174 kfl 

100 kfl 

620 kfl 


Table I. Component Values for Setting Up Nonstandard 
Denominator Values 



The denominator can also be current controlled, by grounding 
Pin 3 (UO) and withdrawing a current of Iu from Pin 4 (Ul). 
The nominal scaling relationship is U = 28 x Iu, where u is 
expressed in volts and Iu is expressed in milliamps. Note, 
however, that while the linearity of this relationship is very 
good, it is subject to a scale tolerance of ±20%. Note that the 
common mode range on Pins 3 through 5 actually extends from 

4 V to 36 V below VP, so it is not necessary to restrict the 
connection of UO to ground if it should be desirable to use some 
other voltage. 

The output ER may also be buffered, re-scaled and used as a 
general-purpose reference voltage. It is generated with respect to 
the negative supply line Pin 8 (VN), but this is acceptable when 
driving one of the signal interfaces. An example is shown in Fig- 
ure 12, where a fixed numerator of 10 V is generated for a di- 
vider application. There, Y 2 is tied to VN but Yj is 10 V above 
this; therefore the common-mode voltage at this interface is still 

5 V above VN, which satisfies the internal biasing requirements 
(see Specifications Table). 

OPERATION AS A MULTIPLIER 

All of the connection schemes used in this section are essentially 
identical to those used for the AD534, with which the AD734 is 
pin-compatible. The only precaution to be noted in this regard 
is that in the AD534, Pins 3, 5, 9, and 13 are not internally con- 
nected and Pin 4 has a slightly different purpose. In many cases, 
an AD734 can be directly substituted for an AD534 with imme- 
diate benefits in static accuracy, distortion, feedthrough, and 
speed. Where Pin 4 was used in an AD534 application to 
achieve a reduced denominator voltage, this function can now be 
much more precisely implemented with the AD734 using alter- 
native connections (see Direct Denominator Control, page 5). 

Operation from supplies down to ±8 V is possible. The supply 
current is essentially independent of voltage. As is true of all 
high speed circuits, careful power-supply decoupling is impor- 
tant in maintaining stability under all conditions of use. The 
decoupling capacitors should always be connected to the load 
ground, since the load current circulates in these capacitors at 
high frequencies. Note the use of the special symbol (a triangle 
with the letter ‘L’ inside it) to denote the load ground. 

Standard Multiplier Connections 

Figure 5 shows the basic connections for multiplication. The X 
and Y inputs are shown as optionally having their negative 
nodes grounded, but they are fully differential, and in many 
applications the grounded inputs may be reversed (to facilitate 
interfacing with signals of a particular polarity, while achieving 
some desired output polarity) or both may be driven. 

The AD734 has an input resistance of 50 kfl ± 20% at the X, 

Y, and Z interfaces, which allows ac-coupling to be achieved 


with moderately good control of the high-pass (HP) corner fre- 
quency; a capacitor of 0.1 p,F provides a HP corner frequency 
of 32 Hz. When a tighter control of this frequency is needed, or 
when the HP corner is above about 100 kHz, an external resis- 
tor should be added across the pair of input nodes. 

At least one of the two inputs of any pair must be provided with 
a dc path (usually to ground). The careful selection of ground 
returns is important in realizing the full accuracy of the AD734. 
The Z2 pin will normally be connected to the load ground, 
which may be remote, in some cases. It may also be used as 
an optional summing input (see Equations (3) and (4), above) 
having a nominal FS input of ±10 V and the full 10 MHz 
bandwidth. 

In applications where high absolute accuracy is essential, the 
scaling error caused by the finite resistance of the signal 
source(s) may be troublesome; for example, a 50 H source resis- 
tance at just one input will introduce a gain error of -0.1%; if 
both the X- and Y-inputs are driven from 50 fl sources, the 
scaling error in the product will be —0.2%. Provided the source 
resistance(s) are known, this gain error can be completely com- 
pensated by including the appropriate resistance (50 fl or 
100 fl, respectively, in the above cases) between the output W 
(Pin 12) and the Z1 feedback input (Pin 11). If Rx is the total 
source resistance associated with the XI and X2 inputs, and Ry 
is the total source resistance associated with the Y1 and Y2 in- 
puts, and neither Rx nor Ry exceeds 1 kO, a resistance of 
Rx+Ry in series with pin Z1 will provide the required gain 
restoration. 

Pins 9 (ER) and 13 (DD) should be left unconnected in this ap- 
plication. The U-inputs (Pins 3, 4 and 5) are shown connected 
to ground; they may alternatively be connected to VN, if de- 
sired. In applications where Pin 2 (X2) happens to be driven 
with a high-amplitude, high-frequency signal, the capacitive 
coupling to the denominator control circuitry via an ungrounded 
Pin 3 can cause high-frequency distortion. However, the AD734 
can be operated without modification in an AD534 socket, and 
these three pins left unconnected, with the above caution noted. 



(X,-X 2 )(Y,-Y 2 ) m 11 
10V Lr s 50k J 


I l w ilOmA MAX FS 

±10V MAXIMUM 
LOAD VOLTAGE 


Figure 6. Conversion of Output to a Current 
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Current Output 

It may occasionally be desirable to convert the output voltage to 
a current. In correlation applications, for example, multiplica- 
tion is followed by integration; if the output is in the form of a 
current, a simple grounded capacitor can perform this function. 
Figure 6 shows how this can be achieved. The op-amp forces 
the voltage across Z1 and Z2, and thus across the resistor R s , to 
be the product XY/U. Note that the input resistance of the 
Z interface is in shunt with R s , which must be calculated 
accordingly. 

The smallest FS current is simply ±10 V/50 kft, or ±200 pA, 
with a tolerance of about 20%. To guarantee a 1% conversion 
tolerance without adjustment, R s must be less than 2.5 kft. The 
maximum full scale output current should be limited to about 
±10 mA (thus, R s = 1 kft). This concept can be applied to all 
connection modes, with the appropriate choice of terminals. 

Squaring and Frequency-Doubling 

Squaring of an input signal, E, is achieved simply by connecting 
the X and Y inputs in parallel; the phasing can be chosen to 
produce an output of E 2 /U or -E 2 /U as desired. The input may 
have either polarity, but the basic output will either always be 
positive or negative; as for multiplication, the Z2 input may be 
used to add a further signal to the output. 

When the input is a sinewave, a squarer behaves as a frequency 
doubler, since 

(Esiruot) 2 = E 2 (1 - cos2ut)!2 (8) 

Equation (8) shows a dc term at the output which will vary 
strongly with the amplitude of the input, E. This dc term can 
be avoided using the connection shown in Figure 7, where an 
RC-network is used to generate two signals whose product has 
no dc term. The output is 



for ct) = 1/CR1, which is just 


W = E 2 (cos2bit)/{10 V) (10) 

which has no dc component. To restore the output to ±10 V 
when E = 10 V, a feedback attenuator with an approximate ra- 
tio of 4 is used between W and Zl; this technique can be used 
wherever it is desired to achieve a higher overall gain in the 
transfer function. 

In fact, the values of R3 and R4 include additional compensa- 
tion for the effects of the 50 kft input resistance of all three in- 
terfaces; R2 is included for a similar reason. These resistor 
values should not be altered without careful calculation of the 
consequences; with the values shown, the center frequency f 0 is 
100 kHz for C = 1 nF. The amplitude of the output is only a 
weak function of frequency: the output amplitude will be 0.5% 
too low at f = 0.9f o and f = l.lf 0 . The cross-connection is sim- 
ply to produce the cosine output with the sign shown in Equa- 
tion (10); however, the sign in this case will rarely be important. 



OPERATION AS A DIVIDER 

The AD734 supports two methods for performing analog divi- 
sion. The first is based on the use of a multiplier in a feedback 
loop. This is the standard mode recommended for multipliers 
having a fixed scaling voltage, such as the AD534, and will be 
described in this Section. The second uses the AD734’s unique 
capability for externally varying the scaling (denominator) volt- 
age directly, and will be described in the next section. 

Feedback Divider Connections 

Figure 8 shows the connections for the standard (AD534) di- 
vider mode. Feedback from the output, W, is now taken to the 
Y2 (inverting) input, which, provided that the X-input is posi- 
tive, establishes a negative feedback path. Y1 should normally 
be connected to the ground associated with the load circuit, but 
may optionally be used to sum a further signal to the output. If 
desired, the polarity of the Y-input connections can be reversed, 
with W connected to Y1 and Y2 used as the optional summation 
input. In this case, either the polarity of the X-input connec- 
tions must be reversed, or the X-input voltage must be negative. 



The numerator input, which is differential and can have either 
polarity, is applied to pins Zl and 21. As witn all dividers based 
on feedback, the bandwidth is directly proportional to the de- 
nominator, being 10 MHz for X = 10 V and reducing to 
100 kHz for X = 100 mV. This reduction in bandwidth, and 
the increase in output noise (which is inversely proportional to 
the denominator voltage) preclude operation much below a de- 
nominator of 100 mV. Division using direct control of the de- 
nominator (Figure 10) does not have these shortcomings. 
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This connection scheme may also be viewed as a variable-gain 
element, whose output, in response to a signal at the X input, is 
controllable by both the Y input (for attenuation, using Y less 
than U) and the U input (for amplification, using U less than 
Y). The ac performance is shown in Figure 11; for these results, 
Y was maintained at a constant 10 V. At U = 10 V, the gain is 
unity and the circuit bandwidth is a full 10 MHz. At U = IV, 
the gain is 20 dB and the bandwidth is essentially unaltered. At 
U = 100 mV, the gain is 40 dB and the bandwidth is 2 MHz. 
Finally, at U = 10 mV, the gain is 60 dB and the bandwidth is 
250 kHz, corresponding to a 250 MHz gain-bandwidth product. 


Connections for Square-Rooting 

The AD734 may be used to generate an output proportional to 
the square-root of an input using the connections shown in 
Figure 9. Feedback is now via both the X and Y inputs, and is 
always negative because of the reversed-polarity between these 
two inputs. The Z input must have the polarity shown, but 
because it is applied to a differential port, either polarity of 
input can be accepted with reversal of Z1 and Z2, if necessary. 
The diode D, which can be any small-signal type (1N4148 being 
suitable) is included to prevent a latching condition which could 
occur if the input momentarily was of the incorrect polarity of 
the input, the output will be always negative. 

Note that the loading on the output side of the diode will be 
provided by the 25 kfl of input resistance at XI and Y2, and by 
the user’s load. In high speed applications it may be beneficial 
to include further loading at the output (to 1 kO minimum) to 
speed up response time. As in previous applications, a further 
signal, shown here as S, may be summed to the output; if this 
option is not used, this node should be connected to the load 
ground. 


DIVISION BY DIRECT DENOMINATOR CONTROL 

The AD734 may be used as an analog divider by directly vary- 
ing the denominator voltage. In addition to providing much 
higher accuracy and bandwidth, this mode also provides greater 
flexibility, because all inputs remain available. Figure 10 shows 
the connections for the general case of a three-input multiplier 
divider, providing the function 


W 


i x ! - x 2 )(Yi - y 2 ) 

(t/i - U 2 ) 


Z 2 , 


( 11 ) 


where the X, Y, and Z signals may all be positive or negative, 
but the difference U = Uj - U 2 must be positive and in the 
range + 10 mV to + 10 V. If a negative denominator voltage 
must be used, simply ground the noninverting input of the op 
amp. As previously noted, the X input must have a magnitude 
of less than 1.25U. 




10k 100k 1M 10M 

FREQUENCY -Hz 


Figure 11. Three-Variable Multiplier/Divider Performance 

The 2 MU resistor is included to improve the accuracy of the 
gain for small denominator voltages. At high gains, the X input 
offset voltage can cause a significant output offset voltage. To 
eliminate this problem, a low-pass feedback path can be used 
from W to X2; see Figure 13 for details. 

Where a numerator of 10 V is needed, to implement a two- 
quadrant divider with fixed scaling, the connections shown in 
Figure 12 may be used. The reference voltage output appearing 
between Pin 9 (ER) and Pin 8 (VN) is amplified and buffered 
by the second op amp, to impose 10 V across the Y1/Y2 input. 
Note that Y2 is connected to the negative supply in this applica- 
tion. This is permissable because the common-mode voltage is 
still high enough to meet the internal requirements. The transfer 
function is 

r = 1017 (£r^) + Z2 - (12) 

The ac performance of this circuit remains as shown in 
Figure 11. 



Figure 10. Three-Variable Multiplier/Divider Using Direct Figure 12. Two-Quadrant Divider with Fixed 10 V Scaling 

Denominator Control 
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A PRECISION AGC LOOP 

The variable denominator of the AD734 and its high gain- 
bandwidth product make it an excellent choice for precise auto- 
matic gain control (AGC) applications. Figure 13 shows a 
suggested method. The input signal, E IN , which may have a 
peak amplitude of from 10 mV to 10 V at any frequency from 
100 Hz to 10 MHz, is applied to the X input, and a fixed posi- 
tive voltage E c to the Y input. Op amp A 2 and capacitor C2 
form an integrator having a current summing node at its invert- 
ing input. (The AD712 dual op amp is a suitable is a suitable 
choice for this application.) In the absence of an input, the cur- 
rent in D2 and R2 causes the integrator output to ramp nega- 
tive, clamped by diode D3, which is included to reduce the time 
required for the loop to establish a stable, calibrated, output 
level once the circuit has received an input signal. With no in- 
put to the denominator (U0 and U2), the gain of the AD734 is 
very high (about 70 dB), and thus even a small input causes a 
substantial output. 



Figure 13. Precision AGC Loop 

Diode D1 and Cl form a peak detector, which rectifies the out- 
put and causes the integrator to ramp positive. When the cur- 
rent in R1 balances the current in R2, the integrator output 
holds the denominator output at a constant value. This occurs 
when there is sufficient gain to raise the amplitude of E IN to 
that required to establish an output amplitude of E c over the 
range of +• 1 V to + 10 V. The X input of the AD734, which has 
finite offset voltage, could be troublesome at the output at high 
gains. The output offset is reduced to that of the X input (one 
or two millivolts) by the offset loop comprising R3, C3, and 
buffer Al. The low pass corner frequency of 0.16 Hz is trans- 
formed to a high-pass corner that is multiplied by the gain (for 
example, 160 Hz at a gain of 1000). 

In applications not requiring operation down to low frequencies, 
amplifier Al can be eliminated, but the AD734’s input resis- 
tance of 50 kfl between XI and X2 will reduce the time con- 
stant and increase the input offset. Using a non-polar 20 p,F 
tantalum capacitor for Cl will result in the same unity-gain 
high-pass corner; in this case, the offset gain increases to 20, 
still very acceptable. 

Figure 14 shows the error in the output for sinusoidal inputs at 
100 Hz, 100 kHz, and 1 MHz, with E c set to + 10 V. The out- 
put error for any frequency between 300 Hz and 300 kHz is 
similar to that for 100 kHz. At low signal frequencies and low 
input amplitudes, the dynamics of the control loop determine 
the gain error and distortion; at high frequencies, the 200 MHz 
gain-bandwidth product of the AD734 limit the available gain. 


The output amplitude tracks E c over the range + 1 V to slightly 
more than +10 V. 



10mV lOOmV IV 10V 

INPUT AMPLITUDE - Volts 

Figure 14. AGC Amplifier Output Error vs. Input Voltage 


WIDEBAND RMS-DC CONVERTER 
USING U INTERFACE 

The AD734 is well suited to such applications as implicit RMS- 
DC conversion, where the AD734 implements the function 


V RMS ~ 


avg [ Vin 2 ] 
Vrms 


(13) 


using its direct divide mode. Figure 15 shows the circuit. 



In this application, the AD734 and an AD708 dual op amp 
serve as a 2-chip RMS-DC converter with a 10 MHz bandwidth. 
Figure 16 shows the circuit’s performance for square-, sine-, and 
triangle- wave inputs. The circuit accepts signals as high as 10 V 
p-p with a crest factor of 1 or 1 V p-p with a crest factor of 10. 
The circuit’s response is flat to 10 MHz with an input of 10 V, 
flat to almost 5 MHz for an input of 1 V, and to almost 1 MHz 
for inputs of 100 mV. For accurate measurements of input levels 
below 100 mV, the AD734’s output offset (Z interface) voltage, 
which contributes a dc error, must be trimmed out. 

In Figure 15’s circuit, the AD734 squares the input signal, and 
its output (V IN 2 ) is averaged by a low-pass filter that consists of 
R1 and Cl and has a corner frequency of 1 Hz. Because of the 
implicit feedback loop, this value is both the output value, 
V RMS , an d the denominator in Equation (13). U2a and U2b, an 
AD708 dual dc precision op amp, serve as unity-gain buffers, 
supplying both the output voltage and driving the U interface. 
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AD734 



INPUT FREQUENCY - Hz 

Figure 16. RMS- DC Converter Performance 

LOW DISTORTION MIXER 

The AD734’s low noise and distortion make it especially suitable 
for use as a mixer, modulator, or demodulator. Although the 
AD734’s -3 dB bandwidth is typically 10 MHz and is estab- 
lished by the output amplifier, the bandwidth of its X and Y 
interfaces and the multiplier core are typically in excess of 
40 MHz. Thus, provided that the desired output signal is less 
than 10 MHz, as would typically be the case in demodulation, 
the AD734 can be used with both its X and Y input signals as 
high as 40 MHz. One test of mixer performance is to linearly 
combine two closely spaced, equal-amplitude sinusoidal signals 
and then mix them with a third signal to determine the mixer’s 
2-tone Third-Order Intermodulation Products. 



If the two XI inputs are at frequencies f x and f 2 and the fre- 
quency at the Y1 input is fo> then the two-tone third-order in- 
termodulation products should appear at frequencies 2fj - f 2 ± 
f 0 and 2f 2 - fj ± f 0 . Figures 18 and 19 show the output spectra 
of the AD734 with f x = 9.95 MHz, f 2 = 10.05 MHz, and 
f 0 = 9.00 MHz for a signal level of f x & f 2 of 6 dBm and 
f 0 of +24 dBm in Figure 18 and f x & f 2 of 0 dBm and 
f 0 of +24 dBm in Figure 19. This performance is without exter- 
nal trimming of the AD734’s X and Y input-offset voltages. 

The possible Two Tone Intermodulation Products are at 2 x 
9.95 MHz - 10.05 MHz ± 9.00 MHz and 2 x 10.05 - 
9.95 MHz ±9.00 MHz; of these only the third-order products at 
0.850 MHz and 1.150 MHz are within the 10 MHz bandwidth 
of the AD734; the desired output signals are at 0.950 MHz and 
1.050 MHz. Note that the difference (Figure 18) between the 
desired outputs and third-order products is approximately 
78 dB, which corresponds to a computed third-order intercept 
point of +46 dBm. 


REF -10.0 dBm MARKER 950 000.0Hz 

lOdB/DIV RANGE -5.0 dBm -15.8 dBm 



CENTER 990 000.0 Hz SPAN 500 000.0 Hz 


RBWIkHz VBW -30 Hz ST 47.0 SEC 


Figure 18. AD734 Third-Order Intermodulation Performance 
for f 1 = 9.95 MHz, f 2 = 10.05 MHz, and f 0 = 9.00 MHz and 
for Signal Levels of f 1 & f 2 of 6 dBm and f 0 of +24 dBm. 

All Displayed Signal Levels Are Attenuated 20 dB by the 
10X Probe Used to Measure the Mixer's Output 


Figure 1 7. AD734 Mixer Test Circuit 


Figure 17 shows a test circuit for measuring the AD734’s perfor- 
mance in this regard. In this test, two signals, at 10.05 MHz 
and 9.95 MHz are summed and applied to the AD734’s X inter- 
face. A second 9 MHz signal is applied to the AD734’s Y inter- 
face. The voltage at the U interface is set to 2 V to use the full 
dynamic range of the AD734. That is, by connecting the W and 
Z1 pins together, grounding the Y2 and X2 pins, and setting 
U = 2 V, the overall transfer function is 


W 


XiYi 

2 V 


(14) 


and W can be as high as 20 V p~p when XI = 2 V p-p and 
Y1 = 10 V p-p. The 2 V p-p signal level corresponds to 
+ 10 dBm into a 50 Cl input termination resistor connected from 
XI or Y1 to ground. 


REF -10.0 dBm MARKER 950 000.0 Hz 

10 dB/DIV RANGE -10.0 dBm -21.8 dBm 



CENTER 990 000.0 Hz SPAN 500 000.0 Hz 


RBWIkHz VBW 10 Hz ST 156 SEC 


Figure 19. AD734 Third-Order Intermodulation Performance 
for f, = 9.95 MHz, f 2 = 10.05 MHz, and f 0 = 9.00 MHz and 
for Signal Levels of f 7 &f 2 of0 dBm and f 0 of +24 dBm. 

All Displayed Signal Levels Are Attenuated 20 dB by the 
10X Probe Used to Measure the Mixer's Output 
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Typical Characteristics- AD734 



-2V 0 2V -2V 0 2V 100k 1M 10M 

SIGNAL AMPLITUDE SIGNAL AMPLITUDE FREQUENCY - Hz 


Figure 20. Differential Gain at Figure 21. Differential Phase at Figure 22. Gain Flatness, 300 kHz to 

3.58 MHz and R L = 2 kO 3.58 MHz and R L = 2 ki 1 10 MHz, R L = 500 O 




tk 10k 100k 1M 10M Ik 10k 100k 1M 10M -10dBm 10dBm 30dBm 

FREQUENCY -Hz FREQUENCY - Hz 70.7mV RMS 707m V RMS 7V RMS 

SIGNAL LEVEL 


Figure 26. THD vs. Frequency, Figure 27. THD vs. Frequency, Figure 28. THD vs. Signal Level, 

U - 2 V U = 10 V f = 1 MHz 
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A0734 — Typical Characteristics 



FREQUENCY - Hz 



FREQUENCY - Hz 



Figure 29. Gain vs. Frequency vs. 
Cload 


Figure 30. Phase vs. Frequency vs. 
Cload 


Figure 31. Pulse Response vs. 
Cload> Cload ~ 0 PF* 47 pF, 
100 pF r 200 pF 



Figure 32. Output Swing vs. Supply 
Voltage 



Y 1 FREQUENCY - MHz 


Figure 33. Output Amplitude vs. 
Input Frequency, When Used as 
Demodulator 



TEMPERATURE - °C 



TEMPERATURE - °C 


TEMPERATURE - °C 


Figure 34. V os Drift, X Input Figure 35. V os Drift, Z Input Figure 36. V os Drift, Y Input 


8-32 SPECIAL FUNCTION VIDEO PRODUCTS 


REV. A 








ANALOG 

DEVICES 


500MHz Four-Quadrant Multiplier 

AD834 


FEATURES 

DC to >500MHz Operation 
Differential ±1V Full Scale Inputs 
Differential ±4mA Full Scale Output Current 
Low Distortion (<0.05% for OdBm Input) 
Supply Voltages from ±4V to ±9V 
Low Power (280mW typical at V S =±5V) 

APPLICATIONS 

High Speed Real Time Computation 
Wideband Modulation and Gain Control 
Signal Correlation and RF Power Measurement 
Voltage Controlled Filters and Oscillators 
Linear Keyers for High Resolution Television 
Wideband True RMS 


PRODUCT DESCRIPTION 

The AD834 is a monolithic laser-trimmed four-quadrant analog 
multiplier intended for use in high frequency applications, 
having a transconductance bandwidth (R L =50fl) in excess of 
500MHz from either of the differential voltage inputs. In multi- 
plier modes, the typical total full scale error is 0.5%, dependent 
on the application mode and the external circuitry. Performance 
is relatively insensitive to temperature and supply variations, 
due to the use of stable biasing based on a bandgap reference 
generator and other design features. 

To preserve the full bandwidth potential of the high speed 
bipolar process used to fabricate the AD834, the outputs appear 
as a differential pair of currents at open collectors. To provide a 
single ended ground referenced voltage output, some form of 
external current to voltage conversion is needed. This may take 
the form of a wideband transformer, balun, or active circuitry 
such as an op amp. In some applications (such as power mea- 
surement) the subsequent signal processing may not need to 
have high bandwidth. 

The transfer function is accurately trimmed such that when 
X=Y=±1V, the differential output is ±4mA. This absolute 
calibration allows the outputs of two or more AD834s to be 
summed with precisely equal weighting, independent of the 
accuracy of the load circuit. 

The AD834J is specified for use over the commercial tempera- 
ture range of 0 to +70°C and is available in an 8-pin plastic DIP 
package and an 8-pin plastic SOIC package. AD834A is avail- 
able in cerdip for operation over the industrial temperature 
range of -40°C to +85°C. The AD834S/883B is specified for 
operation over the military temperature range of -55°C to 
+ 125°C and is available in the 8-pin cerdip package. S-Grade 
chips are also available. 


FUNCTIONAL BLOCK DIAGRAM 



PRODUCT HIGHLIGHTS 

1 . The AD834 combines high static accuracy (low input and 
output offsets and accurate scale factor) with very high band- 
width. As a four-quadrant multiplier or squarer, the response 
extends from dc to an upper frequency limited mainly by 
packaging and external board layout considerations. A large 
signal bandwidth of over 500MHz is attainable under opti- 
mum conditions. 

2. The AD834 can be used in many high speed nonlinear opera- 
tions, such as square rooting, analog division, vector addition 
and rms-to-dc conversion. In these modes, the bandwidth is 
limited by the external active components. 

3. Special design techniques result in low distortion levels (bet- 
ter than -60dB on either input) at high frequencies and low 
signal feedthrough (typically -65dB up to 20MHz). 

4. The AD834 exhibits low differential phase error over the in- 
put range— typically 0.08° at 5MHz and 0.8° at 50MHz. The 
large signal transient response is free from overshoot, and has 
an intrinsic rise time of 500ps, typically settling to within 1% 
in under 5 ns. 

5. The nonloading, high impedance, differential inputs simplify 
the application of the AD834. 
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AD834 — SPECIFICATIONS 


(T a =+ 25°C and ±V S =±5V, unless otherwise noted; dBm assumes 5011 load.) 


Model 

Conditions 

Min 

AD834J 

Typ 

Max 

Min 

AD834A, S 

Typ 

Max 

Units 

MULTIPLIER PERFORMANCE 









Transfer Function 


W 

XY | 

= , x 4mA 


W = -—2 x 4mA 






(ivr 



(IV) 2 



Total Error 1 (Figure 6) 

-1V<X,Y<+1V 


±0.5 

±2 


±0.5 

±2 

% FS 

vs. Temperature 

to T m „ 





±1.5 

±3 

% FS 

vs. Supplies 2 

±4V to ± 6 V 


0.1 

0.3 


0.1 

0.3 

% FS /V 

Linearity 3 



±0.5 

±1 


±0.5 

±1 

% FS 

Bandwidth 4 

See Figure 5 

500 



500 



MHz 

Feedthrough, X 

X=±1V, Y= Nulled 


0.2 

0.3 


0.2 

0.3 

% FS 

Feedthrough, Y 

X=Nulled, Y=±1V 


0.1 

0.2 


0.1 

0.2 

% FS 

AC Feedthrough, X 5 

X=0dBm, Y= Nulled 









f=10MHz 


-65 



-65 


dB 


f=100MHz 


-50 



-50 


dB 

AC Feedthrough, Y 5 

X=Nufied, Y=0dBm 









f= 10MHz 


-70 



-70 


dB 


f=100MHz 


-50 



-50 


dB 

INPUTS (XI, X2, Yl, Y2) 









Full Scale Range 

Differential 


±1 



±1 


V 

Clipping Level 

Differential 

±1.1 

±1.3 


±1.1 

±1.3 


V 

Input Resistance 

Differential 


25 



25 


kO 

Offset Voltage 



0.5 

3 


0.5 

3 

mV 

vs. Temperature 

Trmn tO T max 


10 



10 


p,V/°C 





4 



4 

mV 

vs. Supplies 2 

±4V to ±6V 


100 

300 


100 

300 

(xV/V 

Bias Current 



45 



45 


pA 

Common Mode Rejection 

f< 100kHz; IV p-p 


70 



70 


dB 

Nonlinearity, X 

Y=1V; X=±1V 


0.2 

0.5 


0.2 

0.5 

% FS 

Nonlinearity, Y 

X=1V; Y=±1V 


0.1 

0.3 


0.1 

0.3 

% FS 

Distortion, X 

X=0dBm, Y=1V 









f= 10MHz 


-60 



-60 


dB 


f= = 100MHz 


-44 



-44 


dB 

Distortion, Y 

X=1V, Y=0dBM 









f= 10MHz 


-65 



-65 


dB 


f=100MHz 


-50 



-50 


dB 

OUTPUTS (Wl, W2) 









Zero Signal Current 

Each Output 


8.5 



8.5 


mA 

Differential Offset 

X=0, Y=0 


±20 

±60 


±20 

±60 

|xA 

vs. Temperature 

Tjnin tO T max 


40 



40 


nA/°C 








±60 

|xA 

Scaling Current 

Differential 

3.96 

4 

4.04 

3.96 

4 

4.04 

mA 

Output Compliance 


4.75 


9 

4.75 


9 

V 

Noise Spectral Density 

f= 10Hz to 1MHz 


16 



16 


nV/ VHz 


Outputs into 500 Load 








POWER SUPPLIES 









Operating Range 


±4 


±9 

±4 


±9 

V 

Quiescent Current 6 

T^n to T max 








+V S 



11 

14 


11 

14 

mA 

-V s 



28 

35 


28 

35 

mA 

TEMPERATURE RANGE 









Operating, Rated Performance 









Commercial (0 to +70°C) 



AD834J 






Military (-55°C to +125°C) 






AD834S 



Industrial (-40°C to +85°C) 






AD834A 



PACKAGE OPTIONS 7 









8-Pin SOIC (R) 



AD834JR 






8-Pin Cerdip (Q) 






AD834AQ 



8-Pin Plastic DIP (N) 



AD834JN 



AD834SQ/883B 




NOTES 

1 Error is defined as the maximum deviation from the ideal output, and expressed as a percentage of the full scale output. 

2 Both supplies taken simultaneously; sinusoidal input at f<10kHz. 

3 Linearity is defined as residual error after compensating for input offset voltage, output offset current and scaling current errors. 

4 Bandwidth is guaranteed when configured in squarer mode. See Figure 5. 

s Sine input; relative to full scale output; zero input port nulled; represents feedthrough of the fundamental. 

6 Negative supply current is equal to the sum of positive supply current, the signal currents into each output, W1 and W2, and the input bias currents. 
7 For outline information see Package Information section. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 


Specifications subject to change without notice. 
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AD834 


ABSOLUTE MAXIMUM RATINGS 1 


Supply Voltage (+V S to -V s ) 18V 

Internal Power Dissipation 500mW 

Input Voltages (XI, X2, Yl, Y2) +V S 

Operating Temperature Range 

AD834J 0 to +70°C 

AD834A -40°C to +85°C 

AD834S/883B -55°C to +125°C 

Storage Temperature Range Q -65°C to + 150°C 

Storage Temperature Range R, N -65°C to +125°C 

Lead Temperature, Soldering 60sec +300°C 


NOTE 

Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


THERMAL CHARACTERISTICS 



9jc 

0JA 

8-Pin Cerdip Package (Q) 

30°C/W 

110°C/W 

8-Pin Plastic SOIC (R) 

45°C/W 

165°C/W 

8-Pin Plastic Mini-DIP (N) 

50°C/W 

99°C/W 


ORDERING GUIDE 


Model 

Temperature 

Range 

Package 

Option* 

AD834JN 

0 to +70°C 

N-8 

AD834JQ 

0 to +70°C 

Q-8 

AD834JR 

0 to +70°C 

R-8 

AD834AQ 

-40°C to +85°C 

Q-8 

AD834SQ/883B 

-55°C to + 125°C 

Q-8 

AD834S Chips 


Chips 


CONNECTION DIAGRAM 

Small Outline (R) Package 
Plastic DIP (N) Package 
Cerdip (Q) Package 



MET ALIZ ATION PHOTO 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 



*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC) Package. 
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AD834— Typical Characteristics 



Figure 1. Mean-Square Output Figure 2. AC Feedthrough Figure 3. Total Harmonic Distortion 

vs. Frequency vs. Frequency vs. Frequency 


Figure 1 . Figure 1 is a plot of the mean-square output versus 
frequency for the test circuit of Figure 5. Note that the rising 
response is due to package resonances. 

Figure 2. For frequencies below 1MHz, ac feedthrough is 
dominated by static nonlinearities in the transfer function and 
the finite offset voltages. The offset voltages cause a small frac- 
tion of the fundamental to appear at the output, and can be 
nulled out. 

Figure 3. THD data represented in Figure 3 is dominated by 
the second harmonic, and is generated with OdBm input on the 
ac input and + IV on the dc input. For a given amplitude on 
the ac input, THD is relatively insensitive to changes in the 
dc input amplitude. Varying the ac input amplitude while 
maintaining a constant dc input amplitude will affect THD 
performance. 


By placing capacitors C3/C5 and C4/C6 across load resistors R1 
and R2, a simple low-pass filter is formed, and the mean-square 
value is extracted. The mean-square response can be measured 
using a DVM connected across R1 and R2. 


R4 
751 1 




1 

X W1 

AD834 

Y W2 

CHI 

54121A 

SAMPLING 

HEADS 


CH2 

1 



v ) 


HP54120A 

DIGITIZING 

MAINFRAME 


< 1024 POINT 


Figure 4. Test Configuration for Measuring ac Feedthrough 
and Total Harmonic Distortion 


Figure 5. The squarer configuration shown in Figure 5 is used 
to determine wideband performance because it eliminates the 
need for (and the response uncertainties of) a wideband mea- 
surement device at the output. The wideband output of a 
squarer configuration is a fluctuating current at twice the input 
frequency with a mean value proportional to the square of the 
input amplitude. 


DENOTES A SHORT DIRECT CONNECTION TO THE GROUND PLANE. 


Figure 5. Bandwidth Test Circuit 



Vout = 'wi R1-U WJ R2 
(IF R1=R2, V oot = AI w R1). 


Figure 6. Low Frequency Test Circuit 
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Applying the AD834 


BASIC OPERATION 

Figure 7 is a functional equivalent of the AD 834. There are 
three differential signal interfaces: the voltage inputs X= 

XI -X2 and Y=Y1-Y2, and the current output, W (see Fig. 7) 
which flows in the direction shown when X and Y are positive. 
The outputs W1 and W2 each have a standing current of typi- 
cally 8.5 mA. 



Figure 7. AD834 Functional Block Diagram 


The input voltages are first converted to differential currents 
which drive the translinear core. The equivalent resistance of 
the voltage-to-current (V-I) converters is about 2850. This low 
value results in low input related noise and drift. However, the 
low full scale input voltage results in relatively high nonlinearity 
in the V-I converters. This is significantly reduced by the use of 
distortion cancellation circuits which operate by Kelvin sensing 
the voltages generated in the core — an important feature of the 
AD834. 

The current mode output of the core is amplified by a special 
cascode stage which provides a current gain of nominally x 1.6, 
trimmed during manufacture to set up the full scale output cur- 
rent of ±4mA. This output appears at a pair of open collec- 
tors which must be supplied with a voltage slightly above the 
voltage on Pin 6. As shown in Figure 8, this can be arranged by 
inserting a resistor in series with the supply to this pin and tak- 
ing the load resistors to the full supply. With R3 = 60O, the 
voltage drop across it is about 600m V. Using two 5 OH load 
resistors, the full scale differential output voltage is ±400mV. 

The full bandwidth potential of the AD834 can only be realized 
when very careful attention is paid to grounding and de- 
coupling. The device must be mounted close to a high quality 
ground plane and all lead lengths must be extremely short, in 
keeping with UHF circuit layout practice. In fact, the AD834 
shows useful response to well beyond 1GHz, and the actual 
upper frequency in a typical application will usually be deter- 
mined by the care with which the layout is effected. Note that 
R4 (in series with the — V s supply) carries about 30mA, and 
thus introduces a voltage drop of about 150mV. It is made large 
enough to reduce the Q of the resonant circuit formed by the 
supply lead and the decoupling capacitor. Slightly larger values 
can be used, particularly when using higher supply voltages. 
Alternatively, lossy RF chokes or ferrite beads on the supply 
leads may be used. 



Figure 8. Basic Connections for Wideband Operation 

Figure 8 shows the use of optional termination resistors at the 
inputs. Note that although the resistive component of the input 
impedance is quite high (about 25kft), the input bias current 
of typically 45|xA can generate significant offset voltages if 
not compensated. For example, with a source and termination 
resistance of 50H (net source of 250) the offset would be 
250x45|jlA= 1.125mV. This can be almost fully cancelled 
by including (in this example) another 250 resistor in series 
with the “unused” input (in Figure 8, either XI or Y2). In 
order to minimize crosstalk the input pins closest to the out- 
put (XI and Y2) should be grounded; the effect is merely to 
reverse the phase of the X input and thus alter the polarity of 
the output. 


TRANSFER FUNCTION 

The output current W is the linear product of input voltages X 
and Y divided by (IV) 2 and multiplied by the “scaling current” 
of 4mA: 


XY 

r =(Tv7 4mA 


Provided that it is understood that the inputs are specified in 
volts , a simplified expression can be used: 


W = (XY) 4mA 


Alternatively, the full transfer function can be written: 


W 


XY 

IV 


1 

250(1 


When both inputs are driven to their clipping level of about 
1.3V, the peak output current is roughly doubled, to ±8mA, 
but distortion levels will then be very high. 


TRANSFORMER COUPLING 

In many high frequency applications where baseband operation 
is not required at either inputs or output, transformer coupling 
can be used. Figure 9 shows the use of a center-tapped output 
transformer, which provides the necessary dc load condition at 
the outputs W1 and W2, and is designed to match into the de- 
sired load impedance by appropriate choice of turns ratio. The 
specific choice of the transformer design will depend entirely on 
the application. Transformers may also be used at the inputs. 
Center-tapped transformers can reduce high frequency distortion 
and lower HF feedthrough by driving the inputs with balanced 
signals. 


REV. A 


SPECIAL FUNCTION VIDEO PRODUCTS 8-37 





AD834 



Figure 9. Transformer- Coupled Output 

A particularly effective type of transformer is the balun 1 which 
is a short length of transmission line wound on to a toroidal fer- 
rite core. Figure 10 shows this arrangement used to convert the 
bal(anced) output to an un(balanced) one (hence the use of the 
term). Although the symbol used is identical to that for a trans- 
former, the mode of operation is quite different. In the first 
place, the load should now be equal to the characteristic imped- 
ance of the line (although this will usually not be critical for 
short line lengths). The collector load resistors R c may also be 
chosen to reverse terminate the line, but again this will only be 
necessary when an electrically long line is used. In most cases, 
R c will be made as large as the dc conditions allow, to minimize 
power loss to the load. The line may be a miniature coaxial 
cable or a twisted pair. 



Figure 10. Using a Baiun at the Output 


It is important to note that the upper bandwidth limit of the 
balun is determined only by the quality of the transmission line; 
hence, it will usually exceed that of the multiplier. This is 
unlike a conventional transformer where the signal is conveyed 
as a flux in a magnetic core and is limited by core losses and 
leakage inductance. The lower limit on bandwidth is determined 
by the series inductance of the line, taken as a whole, and the 
load resistance (if the blocking capacitors C are sufficiently 
large). In practice, a balun can provide excellent differential- 
to-single-sided conversion over much wider bandwidths than a 
transformer. 


WIDEBAND MULTIPLIER CONNECTIONS 

Where operation down to dc and a ground based output are nec- 
essary, the configuration shown in Figure 1 1 can be used. The 
element values were chosen in this example to result in a full- 
scale output of ± 1 V at the load, so the overall multiplier trans- 
fer function is 

W = (XI -X2) (Y1-Y2) 

where it is understood that the inputs and output are in volts. The 
polarity of the output can be reversed simply by reversing either 
the X or Y input. 



The op amp should be chosen to support the desired output 
bandwidth. The AD5539 is shown here, providing an overall 
system bandwidth of 100MHz. Many other choices are possible 
where lower post multiplication bandwidths are acceptable. The 
level shifting network places the input nodes of the op amp to 
within a few hundred millivolts of ground using the recom- 
mended balanced supplies. The output offset may be nulled by 
including a 1000 trim pot between each of the lower pair of 
resistors (3.74kO) and the negative supply. 

The pulse response for this circuit shown in Figure 12; the X 
input was a pulse of 0 to + IV and the Y input was + 1 V dc. 
The transition times at the output are about 4ns. 



'For a good treatment of baluns, see “Transmission Line Transformers” by 
Jerry Sevick; American Radio Relay League publication. 
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Applying the AD834 


POWER MEASUREMENT (MEAN SQUARE AND RMS) 

The AD834 is well suited to measurement of average power in 
high frequency applications, connected either as a multiplier for 
the determination of the Vxl product, or as a squarer for use 
with a single input. In these applications, the multiplier is fol- 
lowed by a low pass filter to extract the long term average value. 
Where the bandwidth extends to several hundred megahertz, the 
first pole of this filter should be formed by grounded capacitors 
placed directly at the output pins W1 and W2. This pole can be 
at a few kilohertz. The effective multiplication or squaring 
bandwidth is then limited solely by the AD834, since the follow- 
ing active circuitry is required to process only low frequency 
signals. 

(Refer to Figure 5 test configuration.) Using the device as a 
squarer the wideband output in response to a sinusoidal stimu- 
lus is a raised cosine: 

sin 2 a)t = (1 + cos 2u>t) /2 

Recall here that the full scale output current (when full scale 
input voltages of IV are applied to both X and Y) is 4mA. In a 
50H system, a sinusoid power of + lOdBm has a peak value of 
IV. Thus, at this drive level the peak output voltage across the 
differential 50H load in the absence of the filter capacitors 
would be 400m V (that is, 4mA x50flx2), whereas the average 
value of the raised cosine is only 200mV. The averaging configu- 
ration is useful in evaluating the bandwidth of the AD834, since 
a dc voltage is easier to measure than a wideband, differential 
output. In fact, the squaring mode is an even more critical test 
than the direct measurement of the bandwidth of either channel 
taken independently (with a dc input on the nonsignal channel), 
because the phase relationship between the two channels also 
affects the average output. For example, a time delay difference 
of only 250ps between the X and Y channels would result in 
zero output when the input frequency is 1GHz, at which fre- 
quency the phase angle is 90 degrees and the intrinsic product is 
now between a sine and cosine function, which has zero average 
value. 

The physical construction of the circuitry around the IC is criti- 
cal to realizing the bandwidth potential of the device. The input 
is supplied from an HP8656A signal generator (100kHz to. 
990MHz) via an SMA connector and terminated by an HP436A 
power meter using an HP8482A sensor head connected via a 
second SMA connector. Since neither the generator nor the sen- 
sor provide a dc path to ground, a lossy 1 jjlH inductor LI, 
formed by a 22-gauge wire passing through a ferrite bead (Fair- 
Rite type 2743001112) is included. This provides adequate 
impedance down to about 30MHz. The IC socket is mounted on 
a ground plane, with a clear area in the rectangle formed by the 
pins. This is important, since significant transformer action can 
arise if the pins pass through individual holes in the board; this 
has been seen to cause an oscillation at I.3GHz in improperly 
constructed test jigs. The filter capacitors must be connected 
directly to the same point on the ground plane via the shortest 
possible leads. Parallel combinations of large and small capaci- 
tors are used to minimize the impedance over the full frequency 
range. (Refer to Figure 1 for mean-square response for the 
AD834 in cerdip package, using the configuration of Figure 5.) 
To provide a square-root response and thus generate the rms 
value at the output, a second AD834, also connected as a 
squarer, can be used, as shown in Figure 13. Note that an atten- 
uator is inserted both in the signal input and in the feedback 
path to the second AD834. This increases the maximum input 


capability to + 15 dBm and improves the response flatness by 
damping some of the resonances. The overall gain is unity; that 
is, the output voltage is exactly equal to the rms value of the 
input signal. The offset potentiometer at the AD834 outputs 
extends the dynamic range, and is adjusted for a dc output of 
125. 7mV when a 1MHz sinusoidal input at — 5dBm is applied. 

Additional filtering is provided; the time constants were chosen 
to allow operation down to frequencies as low as 1kHz and to 
provide a critically damped envelope response, which settles typ- 
ically within 10ms for a full scale input (and proportionally 
slower for smaller inputs). The 5pF and 0.1 p,F capacitors may 
be scaled down to reduce response time if accurate rms opera- 
tion at low frequencies is not required. The output op amp must 
be specified to accept a common-mode input near its supply. 
Note that the output polarity may be inverted by replacing the 
NPN transistor with a PNP type. 



FREQUENCY DOUBLER 

Figure 14 shows another squaring application. In this case, the 
output filter has been removed and the wideband differential 
output is converted to a single sided signal using a “balun," 
which consists of a length of 500 coax cable fed through a fer- 
rite core (Fair-Rite type 2677006301). No attempt is made to 
reverse terminate the output. Higher load power could be 
achieved by replacing the 500 load resistors by ferrite bead 
inductors. The same precautions should be observed with regard 
to PC board layout as recommended above. The output spec- 
trum shown in Figure 15 is for an input power of -1-lOdBm at a 
frequency of 200MHz. The second harmonic component at 
400MHz has an output power of -15dBm. Some feedthrough of 
the fundamental occurs: it is 15dBs below the main output. It is 
believed that improvements in the design of the balun would 
reduce this feedthrough. A spurious output at 600MHz is also 
present, but it is 30dBs below the main output. At an input fre- 
quency of 100MHz, the measured power level at 200MHz is 
-16dBm, while the fundamental feedthrough is reduced to 
25dBs below the main output; at an output of 600MHz the 
power is -lldBm and the third harmonic at 900MHz is 32dBs 
below the main output. 
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X DENOTES A SHORT, DIRECT CONNECTION TO THE GROUND PLANE. 


Figure 14. Frequency Doubler Connections 
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Figure 15. Output Spectrum for Configuration of Figure 14 


WIDEBAND THREE SIGNAL MULTIPLIER/DIVIDER 

Two AD834s and a wideband op amp can be connected to make 
a versatile multiplier/divider having the transfer function 


(X1-X2)(Y1-Y2) 

(U1-U2) 


+Z 


with a denominator range of about 100:1. The denominator 
input U = U1-U2 must be positive and in the range lOOmV to 
10V; X, Y and Z inputs may have either polarity. Figure 16 
shows a general configuration which may be simplified to suit a 
particular application. This circuit accepts full scale input volt- 
ages of 10V, and delivers a full scale output voltage of 10V. The 
optional offset trim at the output of the AD834 improves the 
accuracy for small denominator values. It is adjusted by nulling 
the output voltage when the X and Y inputs are zero and 
U= + lOOmV. 


The AD840 is internally compensated to be stable without the 
use of any additional HF compensation. As the input U is 
reduced, the bandwidth falls because the feedback around the 
op amp is proportional to the input U. 

This circuit may be modified in several ways. For example, if 
the differential input feature is not needed, the unused input 



Figure 16. Wideband Three Signal Multiplier/Divider 

can be connected to ground through a single resistor, equal to 
the parallel sum of the resistors in the attenuator section. The 
full scale input levels on X, Y and U can be adapted to any full 
scale voltage down to ± 1 V by altering the attenuator ratios. 
Note, however, that precautions must be taken if the attenuator 
ratio from the output of A3 back to the second AD834 (A2) is 
lowered. First, the HF compensation limit of the AD840 may 
be exceeded if the negative feedback factor is too high. Second, 
if the attenuated output at the AD834 exceeds its clipping level 
of ± 1.3V, feedback control will be lost and the output will sud- 
denly jump to the supply rails. However, with these limitations 
understood, it will be possible to adapt the circuit to smaller full 
scale inputs and/or outputs, and for use with lower supply 
voltages. 
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□ ANALOG 
DEVICES 


AD9300 


4 x 1 Wideband 
Video Multiplexer 


FEATURES 

34MHz Full Power Bandwidth 
±0.1dB Gain Flatness to 8MHz 
72dB Crosstalk Rejection @ 10MHz 
0.03°/0.01% Differential Phase/Gain 
Cascadable for Switch Matrices 
Mll-STD-883 Compliant Versions Available 

APPLICATIONS 
Video Routing 
Medical Imaging 
Electro-Optics 
ECM Systems 
Radar Systems 
Data Acquisition 


GENERAL DESCRIPTION 

The AD9300 is a monolithic high-speed video signal multiplexer 
useable in a wide variety of applications. 

Its four channels of video input signals can be randomly switched 
at megahertz rates to the single output. In addition, multiple 
devices can be configured in either parallel or cascade arrangements 
to form switch matrices. This flexibility in using the AD9300 is 
possible because the output of the device is in a high-impedance 
state when the chip is not enabled; when the chip is enabled, 
the unit acts as a buffer with a high input impedance and low 
output impedance. 

An advanced bipolar process provides fast, wideband switching 
capabilities while maintaining crosstalk rejection of 72dB at 
10MHz. Full power bandwidth is a minimum 27MHz. The 
device can be operated from ± 10V to ± 15V power supplies. 


FUNCTIONAL BLOCK DIAGRAM 
(Based on Cerdip) 



The AD9300K is available in a 16-pin ceramic DIP and a 20-pin 
PLCC and is designed to operate over the commercial temperature 
range of 0 to + 70°C. The AD9300TQ is a hermetic 16-pin 
ceramic DIP for military temperature range ( — 55°C to + 125°C) 
applications. This part is also available processed to MIL-STD- 
883. The AD9300 is available in a 20-pin LCC as the model 
AD9300TE, which operates over a temperature range of — 55°C 
to + 125°C. 

The AD9300 Video Multiplexer is available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military Products 
Databook or current AD9300/883R data sheet for detailed 
specifications. 


PIN DESIGNATIONS 


DIP 


GROUND [j~ 

IN, [T 

GROUND 

IN 2 [T 

GROUND |jT 

1N3 [T 
GROUND [7] 
IN 4 |T 


AD9300 

TOP VIEW 
(Not to Scale) 


~16~| OUTPUT 

bypass 

77J GROUND RETURN 
T2I ENABLE 

TT| a 0 

To] A, 

T]-Vs 


LCC and PLCC 


— O CD O co 

3 2 1 20 19 
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AD9300 — SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS (±V S = ±12 V ± 5%;C l =10pF;R l = 2M1, unless otherwise noted) 


Parameter (Conditions) 

Temp 

Test 

Level 

COMMERCIAL 
0°Cto +70°C 
AD9300KQ/KP 
Min Typ 

Max 

Units 

INPUT CHARACTERISTICS 

Input Offset Voltage 

+ 25°C 

I 

3 

10 

mV 

Input Offset Voltage 

Full 

VI 


14 

mV 

Input Offset Voltage Drift 2 

Full 

V 

75 


fJLV/°C 

Input Bias Current 

+ 25°C 

I 

15 

37 

|xA 

Input Bias Current 

Full 

VI 


55 

|xA 

Input Resistance 

+ 25°C 

V 

3.0 


m a 

Input Capacitance 

+ 25°C 

V 

2 


pF 

Input Noise Voltage (dc to 8MHz) 

+ 25°C 

V 

16 


pVrms 

TRANSFER CHARACTERISTICS 
Voltage Gain 3 

+ 25°C 

I 

0.990 0.994 


v/v 

Voltage Gain 3 

Full 

VI 

0.985 


v/v 

DC Linearity 4 

+ 25°C 

V 

0.01 


% 

Gain Tolerance (Vin = ± IV) 
dc to 5MHz 

+ 25°C 

I 

0.05 

0.1 

dB 

5MHz to 8MHz 

+ 25°C 

I 

0.1 

0.3 

dB 

Small-Signal Bandwidth 

+ 25°C 

V 

350 


MHz 

(Vin = 100mVp-p) 

Full Power Bandwidth 5 

+ 25°C 

I 

l 

27 34 


MHz 

(V IN = 2V p-p) 

Output Swing 

Full 

VI 

±2 


V 

Output Current (Sinking @ = 25°C) 

+ 25°C 

V 

5 


mA 

Output Resistance 

+ 25°C 

IV, V 

9 

15 

a 

DYNAMIC CHARACTERISTICS 

Slew Rate 6 

+ 25°C 

I 

170 215 


V/|xs 

Settling Time 
(to 0. 1% on ± 2V Output) 

+ 25°C 

IV 

70 

100 

ns 

Overshoot 

ToT-Step 7 

+ 25°C 

V 

<0.1 


% 

To Pulse 8 

+ 25°C 

V 

<10 


% 

Differential Phase 9 

+ 25°C 

IV 

0.03 

0.1 

0 

Differential Gain 9 

+ 25°C 

IV 

0.01 

0.1 

% 

Crosstalk Rejection 

Three Channels 10 

+ 25°C 

IV 

68 72 


dB 

One Channel 11 

+ 25°C 

IV 

70 76 


dB 

SWITCHING CHARACTERISTICS 12 
A x Input to Channel HIGH Time 13 

+ 25°C 

I 

40 

50 

ns 

(tHIGH) 

A x Input to Channel LOW Time 14 

+ 25°C 

I 

35 

45 

ns 

(tLOw) 

Enable to Channel ON Time 15 

+ 25°C 

I 

35 

45 

ns 

(i°n) 

Enable to Channel OFF Time 16 

+ 25°C 

I 

35 

45 

ns 

(tOFF) 

Switching T ransient 1 7 

+ 25°C 

V 

60 


mV 


EXPLANATION OF TEST LEVELS 

Test Level I 

- 1 00% production tested . 

Test Level II 

- 100% production tested at + 25°C, and sample tested at specified temperatures. 

Test Level III 

- Sample tested only . 

Test Level IV 

- Parameter is guaranteed by design and characterization testing. 

Test Level V 

- Parameter is a typical value only. 

Test Level VI 

- All devices are 100% production tested at + 25°C. 100% production tested at temperature extremes for 
military temperature devices; sample tested at temperature extremes for commercial/industrial 
devices. 
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Parameter (Conditions) 

Temp 

Test 

Level 

Min 

COMMERCIAL 

0°C to +70°C 
AD9300KQ/KP 

Typ Max 

Units 

DIGITAL INPUTS 







Logic “1” Voltage 

Full 

VI 

2 



V 

Logic “0” Voltage 

Full 

VI 



0.8 

V 

Logic “1” Current 

Full 

VI 



5 

|xA 

Logic “0” Current 

Full 

VI 



1 

|xA 

POWER SUPPLY 







Positive Supply Current ( 4- 1 2 V) 

+ 25°C 

I 


13 

16 

mA 

Positive Supply Current ( + 12V) 

Full 

VI 


13 

16 

mA 

Negative Supply Current ( - 12V) 

+ 25°C 

I 


12.5 

15 

mA 

Negative Supply Current ( - 12V) 

Full 

VI 


12.5 

16 

mA 

Power Supply Rejection Ratio 

Full 

VI 

67 

75 


dB 

(±V S = ± 12V ± 5%) 







Power Dissipation ( ± 12V) 18 

+ 25°C 

V 


306 


mW 


NOTES 

'Permanent damage may occur if any one absolute maximum rating is exceeded. Functional operation is not implied, 
and device reliability may be impaired by exposure to higher-than-recommended voltages for extended periods of time. 

2 Measured at extremes of temperature range. 

3 Measured as slope of Vqut versus V IN with V IN = ± IV. 

4 Measured as worst deviation from end-point fit with V IN = ± IV. 

5 Full Power Bandwith (FPBW) based on Slew Rate (SR). FPBW = SR/2irVp EAK 
6 Measured between 20% and 80% transition points of ± IV output. 

7 T-Step = Sin 2 X Step, when Step between 0V and + 700mV points has 10%-to-90% risetime = 125ns. 

8 Measured with a pulse input having slew rate >250V/|xs. 

’Measured at output between 0.28Vdc and l.OVdc with Vi N = 284mV p-p at 3.58MHz and 4.43MHz. 

l0 This specification is critically dependent on circuit layout. Value shown is measured with selected channel grounded and 10MHz 2V p-p signal 
applied to remaining three channels. If selected channel is grounded through 750, value is approximately 6dB higher. 

"This specification is critically dependent on circuit layout. Value shown is measured with selected channel grounded and 10MHz 2V p-p signal 
applied to one other channel. If selected channel is grounded through 75 H, value is approximately 6dB higher. Minimum specification in ( ) applies to DIPs. 
"Consult system timing diagram. 

"Measured from address change to 90% point of -2V to + 2V output LOW-to-HIGH transition. 

"Measured from address change to 90% point of + 2V to - 2V output HIGH-to-LOW transition. 

"Measured from 50% transition point of ENABLE input to 90% transition of 0V to -2V and 0V to + 2V output. 

"Measured from 50% transition point of ENABLE input to 10% transition of + 2V to 0V and -2V to 0V output. 

"Measured while switching between two grounded channels. 

"Maximum power dissipation is a package-dependent parameter related to the following typical thermal impedances: 

16-Pin Ceramic 0 JA = 87°C/W; 0 JC = 25°C/W 

20-Pin LCC 0 JA = 74°C/W; 0 JC = 10°C/W 

20-Pin PLCC 0 JA = 71°C/W; 0 JC = 26°C/W 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltages ( ± V s ) ±16V 

Analog Input Voltage Each Input 

(INi thru IN 4 ) ± 3.5V 

Differential Voltage Between Any Two 

Inputs (INi thru IN 4 ) 5V 

Digital Input Voltages (A 0 , A u ENABLE) . -0.5V to + 5.5V 


Output Current 

Sinking 6.0mA 

Sourcing 6.0mA 

Operating Temperature Range 

AD9300KQ/KP 0°C to +70°C 

Storage Temperature Range — 65°C to + 150°C 

Junction Temperature + 175°C 

Lead Soldering (lOsec) +300°C 


ORDERING GUIDE 


Device 

Temperature 

Range 

Description 

Package 

Option 1 

AD9300KQ 

0 to + 70°C 

16-Pin Cerdip, Commercial 

Q-16 

AD9300TE/883B 2 

-55°Cto + 125°C 

20-Pin LCC, Military Temperature 

E-20A 

AD9300TQ/883B 2 

- 55°C to + 125°C 

16-Pin Cerdip, Military Temperature 

Q-16 

AD9300KP 

0 to + 70°C 

20-Pin PLCC, Commercial 

P-20A 


NOTES 

'E = Ceramic Leadless Chip Carrier; P = Plastic Leaded Chip Carrier; Q = Cerdip. For outline 
information see Package Information section. 

2 For specifications, refer to Analog Devices Military Products Databook. 
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AD9300 BURN-IN DIAGRAM 



ALL CAPACITORS ±20% 

ALL SUPPLY VOLTAGES ±5% 


XT' 4 ' 

— ►] 100(is I** — 

.._rLrm_rr:::: 


+ 2.4V 


OPTION #2 (DYNAMIC) SEE WAVEFORMS 


SUGGESTED LAYOUT OF AD9300 
PC BOARD 



METALIZATION PHOTOGRAPH 


Suggested Layout of AD9300 PC Board 
(Bottom View - Not to Scale) 
Component Side Should be Ground Plane 



A 0 


ENABLE GROUND 
RETURN 


MECHANICAL INFORMATION 


Die Dimensions 84 x 104 x 18 (max) njils 

Pad Dimensions 4x4 (min) mils 

Metalization Aluminum 

Backing None 

Substrate Potential -V s 

Passivation Oxynitride 

Die Attach Gold Eutectic 

Bond Wire 1.25 mil, Aluminum; Ultrasonic Bonding 

or 1 mil, Gold; Gold Ball Bonding 


FUNCTIONAL DESCRIPTION 


in,-in 4 

GROUND 

Ao 

Ai 

ENABLE 


-V s 
+ V s 

OUTPUT 

BYPASS 

GROUND 

RETURN 


Four analog input channels. 

Analog input shielding grounds, not internally connected. Connect each to 
external low-impedance ground as close to device as possible. 

One of two TTL decode control lines required for channel selection. See 
Logic T ruth T able . 

One of two TTL decode control lines required for channel selection. See 
Logic T ruth T able . 

TTL-compatible chip enable. In enabled mode (logic HIGH), output signal 
tracks selected input channel; in disabled mode (logic LOW), output is high 
impedance and no signal appears at output. 

Negative supply voltage; nominally - 10V dcto - 15V dc. 

Positive supply voltage; nominally + 10V dc to + 15V dc. 

Analog output. Tracks selected input channel when enabled. 

Bypass terminal for internal bias line; must be decoupled externally 
to ground through 0. 1 pF capacitor. 

Analog signal and power supply ground return. 


LOGIC TRUTH TABLE 


ENABLE 

A! 

Ao 

OUTPUT 

0 

X 

X 

HighZ 

1 

0 

0 

IN! 

1 

0 

1 

in 2 

1 

1 

0 

in 3 

1 

1 

1 

in 4 
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HIGH 


AD9300 



= +2 VOLTS 

AD9300 Timing 


THEORY OF OPERATION 

Refer to the functional block diagram of the AD9300. 

As shown on the drawing, this diagram is based on the pinouts 
of the DIP packaging of the models AD9300KQ and AD9300TQ. 
The AD9300KP and AD9300TE are packaged in 20-pin surface 
mount packages. The extra pins are used for ground connections; 
the theory of operation remains the same. 

The AD9300 Video Multiplexer allows the user to connect any 
one of four analog input channels (IN i - IN 4 ) to the output of 
the device, and to switch between channels at megahertz rates. 

The input channel which is connected to the output is determined 
by a 2-bit TTL digital code applied to A 0 and A^ The selected 
input will not appear at the output unless a digital “1” is also 
applied to the ENABLE input pin; unless the output is enabled, 
it is a high impedance. Necessary combinations to accomplish 
channel selection are shown in the Logic Truth Table. 

Bipolar construction used in the AD9300 insures that the input 
impedance of the device remains high, and will not vary with 
power supply voltages. This characteristic makes the AD9300, 
in effect, a switchable-input buffer. An on-board bias network 
makes the performance of the AD9300 independent of applied 
supply voltages, which can have any nominal value from ± 10V 
dc to ± 15V dc. 

Although the primary application for the AD9300 is the routing 
of video signals, the harmonic and dynamic attributes of the 
device make it appropriate for other applications. The AD9300 
has exceptional performance when switching video signals, but 
can also be used for switching other analog signals requiring 
greater dynamic range and/or precision than those in video. 

As shown in Figure 1, Input and Output Equivalent Circuits, 
each analog input is connected to the base of a bipolar transistor. 
If Channel 1 is selected, a current switch is closed and routes 
current through the input transistor for Channel 1 . 

If Channel 2 is then selected by the digital inputs, the current 
switch for Channel 1 is opened and the current switch for Channel 
2 is closed. This causes current to be routed away from the 
Channel 1 transistor and into the Channel 2 input transistor. 
Whenever a channel’s input device is carrying current, the 
analog input applied to that channel is passed to the output 
stage. 

The operation of the output stage is similar to that of the input 
stages. Whenever the output stage is enabled with a HIGH 
digital “1” signal at the ENABLE pin, the output transistor will 
carry current and pass the selected analog input. 


+v 8 



OUTPUT 

Figure 1 . Input and Output Equivalent Circuits 

When the output stage is disabled (by virtue of the ENABLE 
pin being driven LOW with a digital “0”), the output current 
switch is opened. This routes the current to other circuits within 
the AD9300 which keep the output transistor biased “off’. 
These circuits require approximately lpA of bias current from 
the load connected to the output of the multiplexer. In the 
absence of a terminating load and the resulting dc bias, the 
output of the AD9300 “floats” at -2.5V. 

In summary, when the AD9300 is enabled by the ENABLE pin 
being driven HIGH with a digital “1”, the selected analog input 
channel acts as a buffer for the input; and the output of the 
multiplexer is a low impedance. When the AD9300 is disabled 
with a digital “0” LOW signal, the selected channel acts as an 
open switch for the input; and the output of the unit becomes a 
high impedance. This characteristic allows the user to wire-or 
several AD9300 Analog Multiplexers together to form switch 
matrices. 
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AD9300 APPLICATIONS 

To ensure optimum performance from circuits using the AD9300, 
it is important to follow a few basic rules which apply to all 
high-speed devices. 

A large, low-impedance ground plane under the AD9300 is 
critical. Generally, GROUND and GROUND RETURN con- 
nections should be connected solidly to this plane. GROUND 
pin connections are signal isolation grounds which are not con- 
nected internally; they can be left unconnected, but there may 
be some degradation in crosstalk rejection. GROUND RETURN, 
on the other hand, serves as the internal ground reference for 
the AD9300 and should be connected to the ground plane without 
exception. 


The output stage of the unit is capable of driving a 2kfl||10pF 
load. Larger capacative loads may limit full power bandwidth 
and increase toFF (the interval between the 50% point of the 
ENABLE high-to-low transition and the instant the output 
becomes a high impedance.) 

For applications such as driving cables (See Figure 2), output 
buffers are recommended. 

It is recommended that the AD9300 be soldered directly into 
circuit boards, rather than using socket assemblies. If sockets 
must be used, individual pin sockets are the preferred choice, 
rather than a socket assembly. A second requirement for proper 
high-speed design involves decoupling the power supply and 
internal bias supply lines from ground to improve noise immunity. 
Chip capacitors are recommended for connecting 0.1 pF and 
0.01 pF capacitors between ground and the ±V$ supplies 
(Pins 9 and 14), and the BYPASS connection (Pin 15). 


H 

»■ 4T I 75 " 


R 2 



Figure 2. 4x1 AD9300 Multiplexer with Buffered Output 
Driving 75(1 Coaxial Cable 




FREQUENCY- MHz 


INPUT FREQUENCY -MHz 


FREQUENCY-MHz 


Figure 3. Harmonic Distortion vs. Figure 4. Output vs. Frequency Figure 5. Crosstalk vs. Frequency 

Frequency 



Figure 6. Test Circuit for Harmonic Distortion, Pulse 
Response, T-Step Response and Disable Characteristics 



Figure 7. Crosstalk Rejection Test Circuit 
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Figure 8. Pulse Response Figured T-Step Response Figure 10. Enable to Channel 

"Off” Response 


CROSSPOINT CIRCUIT APPLICATIONS 

Four AD9300 multiplexers can be used to implement an 8 x 2 
crosspoint, as shown in Figure 1 1 . The circuit is modular in 
concept, with each pair of multiplexers (#1 and #2; #3 and 
#4) forming an 8 x 1 crosspoint. When the inputs to all four 
units are connected as shown, the result is an 8 x 2 crosspoint 
circuit. 



8X2 SIGNAL CROSSPOINT USING FOUR AD9300 MULTIPLEXERS 


Figure 11. 8x2 Signal Crosspoint Using FourAD9300 
Multiplexers 


The truth table describes the relationships among the digital 
inputs (D 0 - D 5 ) and the analog inputs (Si - S 8 ); and which 
signal input is selected at the outputs (OUT! and OUT 2 ). The 
number of crosspoint modules that can be connected in parallel 
is limited by the drive capabilities of the input signal sources. 
High input impedance (3M ft) and low input capacitance (2pF) 
of the AD9300 help minimize this limitation. 


8 x 2 Crosspoint Truth Table 


d 2 

or 

D s 

Dj 

or 

d 4 

Do 

or 

d 3 

OUT, 

or 

out 2 

0 

0 

0 

s, 

0 

0 

1 

S 2 

0 

1 

0 

s 3 

0 

1 

1 

S 4 

1 

0 

0 

S 5 

1 

0 

1 

S 6 

1 

1 

0 

s 7 

1 

1 

1 

S 8 


Adding to the number of inputs applied to each crosspoint 
module is simply a matter of adding AD9300 multiplexers in 
parallel to the module. Eight devices connected in parallel result 
in a 32 x 1 crosspoint which can be used with input signals 
having 30MHz bandwidth and IV peak-to-peak amplitude. 

Even more AD9300 units can be added if input signal amplitude 
and/or bandwidth are reduced; if they are not, distortion of the 
output signals can result. 

When an AD9300 is enabled, its low output impedance causes 
the “off’ isolation of disabled parallel devices to be greater than 
the crosstalk rejection of a single unit. 
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DEVICES 


Quad 8-Bit Multiplying CMOS 
D/A Converter with Memory 

DAC-8408 


FEATURES 

• Four DACs in a 28 Pin, 0.6 Inch Wide DIP or 28 Pin JEDEC 
Plastic Chip Carrier 

• ±1/4 LSB End-Point Linearity 

• Guaranteed Monotonic 

• DACs Matched to Within 1% 

• Microprocessor Compatible 

• Read/Write Capability (with Memory) 

• TTL/CMOS Compatible 

• Four-Quadrant Multiplication 

• Single-Supply Operation (+5V) 

• Low Power Consumption 

• Latch-Up Resistant 

• Available In Die Form 


ORDERING INFORMATION 1 


ML 

DNL 


PACKAGE 


COMMERCIAL 
TEMPERATURE 
0°C to +70°C 

EXTENDED 
INDUSTRIAL 
TEMPERATURE 
-40°C to +85°C 

MILITARY* 
TEMPERATURE 
-55°C to +125°C 

±1/4LSB 

11/2LSB 

DAC8408GP 

DAC8408ET 

DAC8408AT 

±1/2LSB 

±1LSB 

- 

DAC8408FT 

DAC8408BT 

±1/2LSB 

±1LSB 

- 

DAC8408FPC tt 

- . 

±1/2LSB 

±1LSB 

- 

DAC8408FS 

- 

±1/2LSB 

±1LSB 

- 

DAC8408FP 

- 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 

number. Consult factory for 883 data sheet, 
t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages, 
tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 


APPLICATIONS 

• Voltage Set Points in Automatic Test Equipment 

• Systems Requiring Data Access for Seif-Diagnostics 

• Industrial Automation 

• Multi-Channel Microprocessor-Controlled Systems 

• Digitally Controlled Op Amp Offset Adjustment 

• Process Control 

• Digital Attenuators 


GENERAL DESCRIPTION 

The DAC-8408 is a monolithic quad 8-bit multiplying digital-to- 
analog CMOS converter. Each DAC has its own reference input, 
feedback resistor, and on-board data latches that feature 
read/write capability. The readback function serves as memory 
for those systems requiring self-diagnostics. 

A common 8-bit TTL/CMOS compatible input port is used to 
load data into any of the four DAC data-latches. Control lines 
DS1 , DS2, and A/B determine which DAC will accept data. Data 
loading is similar to that of a RAM’s write cycle. Datajcan be 
read back onto the same data bus with control line R/W. The 
DAC-8408 is bus compatible with most 8-bit microprocessors, 
including the 6800, 8080, 8085, and Z80. The DAC-8408 
operates on a single +5 volt supply and dissipates less than 
20mW. The DAC-8408 is manufactured using PMI’s highly 
stable, thin-film resistors on an advanced oxide-isolated, 
silicon-gate, CMOS process. PMI’s improved latch-up resistant 
design eliminates the need for external protective Schottky 
diodes. 


FUNCTIONAL DIAGRAM 
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PIN CONNECTIONS 


Vod (T • 
Vref* [T 

R«a[T 

•OUT 1A |~4~ 
•OUT 2A/IoUT 2B l~S~ 
•OUT IB [~6~ 

RebbE 

VrefB E 
(LSB) OBO [£ 
DB1 flo" 

DB2E 

D83fl7 

DB4 fH 

DB5E 


DGND 
ID V REF C 
ID RfbC 
”1 •out 1C 
77| loUT 2C/I0UT 20 
l 0UT to 
22 ] RfbO 

ID VrefO 

To] DS2 

151 osi 
17| r/w 
I3a/b 
15] DB7 (MSB) 

Is] DB6 


28 -PIN 

HERMETIC DIP 
(T-Sufflx) 

28 -PIN 
EPOXY DIP 
(P-Suffix) 

28 -PIN SOL 
(S-Suffix) 




28-PIN 

PLASTIC LEADED 
CHIP CARRIER 
(PC-Suffix) 


ABSOLUTE MAXIMUM RATINGS (T A - +25°C, unless 


otherwise noted.) 

V D p t0 ‘oUT 2A* ‘oUT 2B’ ‘oUT 2C* ‘oUT 2D +7V 

V DD to DGND 0, +7V 

‘oUTlA* ‘oUTlB* 

‘out ic ‘out id —0.3V to V DD + 0.3V 

RpbA. R fb B, Rp B C, R fb D to Iqjjj ±25V 

‘oUT 2A* *OUT 2B* 

‘out 2C' ‘out 2D t0 DQND -°- 3V t0 V DD + °* 3V 

DBO through DB7 to DGND -0.3V to V DD + 0.3V 

Control Logic 

Input Voltage to DGND -0.3V + V DD + 0.3V 

Vf*. VrefB. V REF C.V REF D to 

‘out 2A’ ‘out 2B» ‘out 2C» ‘oUT 2D ±25V 

Operating Temperature Range 

Commercial Grade (GP) 0°C to +70°C 

Industrial Grade (ET, FT, FP, FPC, FS) -40°Cto +85°C 

Military Grade (AT, BT) -55°C to +125°C 

Junction Temperature +150°C 


Storage Temperature -65°Cto+150°C 

Lead Temperature (Soldering, 10 sec) +300°C 


PACKAGE TYPE 

0 JA (Note1) 

0 |C 

UNITS 

28-Pin Hermetic DIP (T) 

55 

10 

°c/w 

28-Pin Plastic DIP (P) 

53 

27 

°c/w 

28-Pin SOL (S) 

68 

23 

°C/W 

28-Contact PLCC (PC) 

66 

29 

°c/w 


NOTE: 

1 . 0- A is specified for worst case mounting conditions, i.e., e A is specified for 
device in socket for CerDIP and P-DIP packages; e. A is specified for device 
soldered to printed circuit board for SOL and PLCC packages. 

CAUTION: 

1 . Do not apply voltages higher than V DD + 0.3V or less than -0.3V potential on 
any terminal except V REF and R FB . 

2. The digital control inputs are diode-protected; however, permanent damage 
may occur on unconnected inputs from high-energy electrostatic fields. Keep 
in conductive foam at all times until ready to use. 

3. Use proper anti-static handling procedures. 

4. Absolute Maximum Ratings apply to both packaged devices and DICE. 
Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. 


ELECTRICAL CHARACTERISTICS at V DD « +5V; V REF = ±10V; V QUT A, B, C, D = 0V; T A = -55°C to +125°C apply for DAC- 
8408AT/BT, T A - -40°C to +85°C apply for DAC-8408ET/FT/FP/FPC/FS; T A = 0°C to +70°C apply for DAC-8408GP, unless otherwise 
noted. Specifications apply for DAC A, B, C, & D. 






DAC-8408 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC ACCURACY 

Resolution 

N 


8 

- 

- 

Bits 

Nonlinearity 

INL 

DAC-8408 A/ E/G 

- 

— 

±1/4 

LSB 

(Notes 1, 2 ) 

DAC-8408 B/F/H 

- 

- 

±1/2 

Differential 

DNL 

DAC-8408 A/ E/ G 

— 

_ 

±1/2 

LSB 

Nonlinearity 

DAC-8408B/F/H 

- 

- 

±1 

Gain Error 

G FSE 

(Using Internal R FB ) 

- 

- 

±1 

LSB 

Gain Tempco (Notes 3. 6) 

tc gfs 


- 

±2 

±40 

ppm/°C 

Power Supply Rejection 

PSR 




0.001 

%FSR/% 

av DD = ±io%) 




•out ia. b, c, d 


T a = +25°C 



±30 


Leakage Current 
(Note 13) 

•lkg 

T a = Full Temp. Range 

- 

- 

±100 

nA 
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ELECTRICAL CHARACTERISTICS at V DD - +5V; V REF - ±10V; V QUT A, B, C, D » OV; T A - -55°C to +125°C apply for DAC- 
8408AT/BT, T A * -40°C to +85°C apply for DAC-8408ET/FT/FP/FPC/FS; T A ■ 0°C to +70°C apply for DAC-8408GP, unless otherwise 
noted. Specifications apply for DAC A, B, C, & D. Continued 






DAC-8408 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

REFERENCE INPUT 

Input Voltage Range 



- 

- 

±20 

V 

Input Resistance Match 
(Note 4) 


r a, b. c, d 


- 

±1 

% 

Input Resistance 

R|N 


6 

10 

14 

kn 

DIGITAL INPUTS 

Digital Input Low 

V,L 


- 

- 

0.8 

V 

Digital Input High 

V,H 


2.4 

- 

- 

V 

Input Current 


T a = +25° C 

— 

±0.01 

±1.0 

mA 

(Note 5) 

■in 

T a = Full Temp. Range 

- 

- 

±10.0 

Input Capacitance 
(Note 6) 

C,N 


- 

- 

8 

pF 

DATA BUS OUTPUTS 

Digital Output Low 

V 0 L 

1.6mA Sink 

- 

- 

0.4 

V 

Digital Output High 

V OH 

400/uA Source 

4 

- 

- 

V 

Output Leakage 


T a = +25°C 

— 

±0.005 

±1.0 

mA 

Current 

■lkg 

T a = Full Temp. Range 

- 

±0.075 

±10.0 

DAC OUTPUTS (Note 6) 

Propagation Delay 
(Note 7) 

tpD 


- 

150 

180 

ns 

Settling Time 
(Notes 11, 12) 

t S 


- 

190 

250 

ns 

Output Capacitance 

CquT 

DAC Latches All “O’s" 

DAC Latches All *Ts” 

- 

- 

30 

50 

PF 

AC Feedthrough 

FT 

(20V p . p @ F= 100kHz ) 

54 

- 

- 

dB 

SWITCHING CHARACTERISTICS (Notes 6, 10) 

Write to 

Data Strobe Time 

*DS1 0r 
^DS2 

T a = +25°C 

T a = Full Temp. Range 

90 

145 

- 

_ 

ns 

Data Valid to 


T a = +25°C 

150 

_ 

— 

ns 

Strobe Set-Up Time 

^SU 

T a = Full Temp. Range 

175 

- 

- 

Data Valid to 

Strobe Hold Time 

tDH 


10 

- 

- 

ns 

DAC Select to 

Strobe Set-Up Time 

! as 


0 

- 

- 

ns 

DAC Select to 

Strobe Hold Time 

t A H 


0 

- 

- 

ns 

Write Select to 

Strobe Set-Up Time 

*wsu 


0 

- 

- 

ns 

Write Select to 

Strobe Hold Time 

^WH 


0 

- 

- 

ns 
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ELECTRICAL CHARACTERISTICS at V DD - +5V; V REF = ±10V; V 0UT A, B, C, D - OV; T A = -55°C to +125°C apply for DAC- 
8408AT/BT, T A - -40°C to +85°C apply for DAC-8408ET/FT/FP/FPC/FS; T A = 0°C to +70°C apply for DAC-8408GP, unless otherwise 
noted. Specifications apply for DAC A, B, C, & D. Continued 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

DAC-8408 

TYP MAX 

UNITS 

Read to 

Data Strobe Width 

tRDS 

T a = +25°C 

T a = Full Temp. Range 

220 

350 

- - 

ns 

Data Strobe to 

Output Valid Time 

*00 

T a = +25°C 

T a = Full Temp. Range 

320 

430 

_ _ 

ns 

Output Data to 

Deselect Time 

l OTD 

T a = +25°C 

T a = Full Temp. Range 

200 

270 



ns 

Read Select to 

Strobe Set-Up Time 

tRSU 


0 


ns 

Read Select to 

Strobe Hold Time 

t RH 


0 


ns 

POWER SUPPLY 

Voltage Range 

< 

o 

o 


4.5 

— 5.5 

V 

Supply Current 

(Note 8) 

'DD 



— 50 

fuA 

Supply Current 
(Note 9) 

•dd 

T A = +25°C 

T a = Full Temp. Range 

— 

— 1.0 

— 1.5 

mA 


NOTES: 

1. This is an end-point linearity specification. 

2. Guaranteed to be monotonic over the full operating temperature range. 

3. ppm/°C of FSR (FSR = Full Scale Range = V REF - 1 LSB.) 

4. Input Resistance Temperature Coefficient = +300ppm/°C. 

5. Logic Inputs are MOS gates. Typical input current at +25°C is less than 
10nA. 

6. Guaranteed by design. 


7. From Digital Input to 90% of final analog output current. 

8. All Digital Inputs “0” or V DD . 

9. All Digital Inputs V )H or V )L . 

10. See Timing Diagram. 

11. Digital Inputs = 0V to V DD or V DD to 0V. 

12. Extrapolated: t s (1/2 LSB) = t pD + 6.2r where r = the measured first time 
constant of the final RC decay. 

13. All Digital Inputs = 0V; V REF = +10V. 


BURN-IN CIRCUIT 


+5V 
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DICE CHARACTERISTICS 


DAC-8408 



DIE SIZE 0.130 X 0.124 inch, 16,120 sq. mils 
(3.30 X 3.15 mm, 10.4 sq. mm) 


1 . 

V DD 

15. 

DB6 

2. 

VrefA 

16. 

DB7 (MSB) 

3. 

RfbA 

17. 

A/B 

4. 

•out ia 

18. 

R/W 

5. 

•out 2A /, OUT 2B 

19. 

DS1 

6. 

•OUT IB 

20. 

DS2 

7. 

RfbB 

21. 

VrefD 

8. 

v ref b 

22. 

r fb d 

9. 

DB0 (LSB) 

23. 

•out ID 

10. 

DB1 

24. 

•OUT 2C /l OUT 2D 

11. 

DB2 

25. 

•out 1C 

12. 

DB3 

26. 

r fb c 

13. 

DB4 

27. 

V REF C 

14. 

DB5 

28. 

DGND 


WAFER TEST LIMITS at V DD = +5V; V REF = ±10V; VqutA, B, C, D = 0V; T A = +25°C, unless otherwise noted. Specifications apply for 
DAC A, B, C, & D. 





DAC-8408G 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

STATIC ACCURACY 

Resolution 

N 


8 

Bits MIN 

Nonlinearity (Note 1 ) 

INL 


±1/2 

LSB MAX 

Differential Nonlinearity 

DNL 


±1 

LSB MAX 

Gain Error 

G FSE 

Using Internal R FB 

±1 

LSB MAX 

Power Supply Rejection 

UV DD = ±10%) (Note 2) 

PSR 

Using Internal R FB 

0.001 

%FSR/% MAX 

Iqut ia b c d Leakage Current 

'lkg 

All Digital Inputs = 0V 

V REF = +10V 

±30 

nA MAX 

REFERENCE INPUT 

Reference Input 

Resistance (Note 3) 

R|N 


6/14 

kO MIN/MAX 

Input Resistance Match 

Rin 


±1 

% MAX 

DIGITAL INPUTS 

Digital Input Low 

V.L 


0.8 

V MAX 

Digital Input High 

V,H 


2.4 

V MIN 

Input Current ( Note 4) 

•in 


±1.0 

m a MAX 
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WAFER TEST LIMITS at V DD = 
DAC A, B, C, & D. (Continued) 

: +5V; V RE f= 

±10V; VqutA.B.C.D 

= 0V; T a = + 25°C, unless otherwise noted. Specifications apply for 




DAC-8408G 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

DATA BUS OUTPUTS 

Digital Output Low 

V OL 

1.6mA Sink 

0.4 

V MAX 

Digital Output High 

V 0 H 

400mA Source 

4 

V MIN 

Output Leakage Current 

•lkg 


±1.0 

m a MAX 

POWER SUPPLY 

Supply Current (Note 5) 

'OD 


50 

mA MAX 

Supply Current (Note 6) 

•dd 


1.0 

mA MAX 


NOTES: 4. Logic inputs are MOS gates. Typical input current at +25°C is less than 10nA. 

1. This is an endpoint linearity specification. 5. All Digital Inputs are either “0” or V DD . 

2. FSR is Full Scale Range = V REF - 1 LSB. 6. All Digital Inputs are either V, H or V )L . 

3. Input Resistance Temperature Coefficient approximately equals 
+300ppm/°C. 

Electrical tests are performed at wafer probe to the limits shown, Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 


TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY CURRENT 



0 1 2 3 4 5 

V, N (VOLTS) 


l 

D 

O 

O 

o 


ANALOG CROSSTALK 
vs FREQUENCY 



Ik 10k 100k 1M 

FREQUENCY (Hz) 
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TIMING DIAGRAM 



PARAMETER DEFINITIONS 
RESOLUTION 

Resolution is the number of states (2 n ) that the full-scale range 
(FSR) of a DAC is divided (or resolved) into. 

NONLINEARITY 

Nonlinearity (Relative Accuracy) is a measure of the maximum 
deviation from a straight line passing through the end-points of 
the DAC transfer function. It is measured after adjusting for 
ideal zero and full-scale and is expressed in LSB, %, or ppm of 
full-scale range. 

DIFFERENTIAL NONLINEARITY 

Differential Nonlinearity is the worst case deviation of any 
adjacent analog outputs from the ideal 1LSB step size. A 
specified differential nonlinearity of ±1 LSB maximum over the 
operating temperature range ensures monotonicity. 

GAIN ERROR 

Gain Error (full-scale error) is a measure of the output error 
between the ideal and actual DAC output. The ideal full-scale 
output is V REF - 1 LSB. 

OUTPUT CAPACITANCE 

Output Capacitance is that capacitance between I out ia< 
*OUT 1B> IqUT 1C- or I OUT ID an ^ AGND. 


AC FEEDTHROUGH ERROR 

This is the error caused by capacitance coupling from Vp EF to 
the DAC output with all switches off. 

SETTLING TIME 

Settling Time is the time required for the output function of the 
DAC to settle to within 1/2 LSB for a given digital input signal. 

PROPAGATION DELAY 

This is a measure of the internal delays of the DAC. It is defined 
as the time from a digital input change to the analog output- 
current reaching 90% of its final value. 

CHANNEL-TO-CHANNEL ISOLATION 

This is the portion of input signal that appears at the output of a 
DAC from another DAC’s reference input. It is expressed as a 
ratio in dB. 

DIGITAL CROSSTALK 

Digital Crosstalk is the glitch energy transferred to the output of 
one DAC due to a change in digital input code from other 
DACs. It is specified in nVs. 
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CIRCUIT INFORMATION 

The DAC-8408 combines four identical 8-bit CMOS DACs onto 
a single monolithic chip. Each DAC has its own reference input, 
feedback resistor, and on-board data latches. It also features a 
read/write function that serves as an accessible memory 
location for digital-input data words. The DAC’s three-state 
readback drivers place the data word back onto the data bus. 

D/A CONVERTER SECTION 

Each DAC contains a highly stable, silicon-chromium, thin-film, 
R-2R resistor ladder network and eight pairs of current steering 
switches. These switches are in series with each ladder resistor 
and are single-pole, double-throw NMOS transistors; the gates 
of these transistors are controlled by CMOS inverters. Figure 1 
shows a simplified circuit of the R-2R resistor ladder section, 
and Figure 2 shows an approximate equivalent switch circuit. 
The current through each resistor leg is switched between Iouti 
and Iqut 2 - This maintains a constant current in each leg, 
regardless of the digital input logic states. 

Each transistor switch has a finite “ON” resistance that can 
introduce errors to the DAC’s specified performance. These 
resistances must be accounted for by making the voltage drop 
across each transistor equal to each other. This is done by 
binarily-scaling the transistor’s “ON” resistance from the most 
significant bit (MSB) to the least significant bit (LSB). With 10 
volts applied at the reference input, the current through the 
MSB switch is 0.5mA, the next bit is 0.25mA, etc.; this maintains 
a constant lOmV drop across each switch and the converter’s 
accuracy is maintained. It also results in a constant resistance 
appearing at the DAC’s reference input terminal; this allows the 
DAC to be driven by a voltage or current source, AC or DC of 
positive or negative polarity. 

Shown in Figure 3 is an equivalent output circuit for DAC A. The 
circuit is shown with all digital inputs high. The leakage current 
source is the combination of surface and junction leakages to 
the substrate. The 1/256 current source represents the constant 
1-bit current drain through the ladder terminating resistor. The 
situation is reversed with all digital inputs low, as shown in 
Figure 4. The output capacitance is code dependent, and 
therefore, is modulated between the low and high values. 


FIGURE 1: Simplified D/A Circuit of DAC-8408 



FIGURE 2: N-Channel Current Steering Switch 


TO LADDER 


FROM ° I 

RFACE - ■ I 

L0GIC o 1|* *j[ 1 


'OUT 2 'OUTI 


FIGURE 3: Equivalent DAC Circuit (All digital inputs HIGH) 
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FIGURE 4: Equivalent DAC Circuit (All digital inputs LOW) 



DIGITAL SECTION 

Figure 5 shows the digital input/output structure for one bit. 
The digital WR, WR, and RD controls shown in the f igur e are 
internally generated from the external A/B, R/W, DS1 , and DS2 
signals. The combination of these signals decide which DAC is 
selected. The digital inputs are CMOS inverters, designed such 
that TTL input levels (2.4V and 0.8V) are converted into CMOS 
logic levels. When the digital input is in the region of 1.2 to 1.8V, 
the input stages operate in their linear region and draw current 
from the +5V supply (see Typical Supply Current vs Logic Level 
curve on page 6). It is recommended that the digital input 
voltages be as close to V DD and DGND as is practical in order to 
minimize supply currents. This allows maximum savings in 
power dissipation inherent with CMOS devices. The three-state 
readback digital output drivers (in the active mode) provide 
TTL-compatible digital outputs with a fan-out of one TTL load. 
The three-state digital readback leakage-current is typically 5n A. 



INTERFACE LOGIC SECTION 
DAC Operating Modes 

• All DACs in HOLD MODE. 

• DAC A, B, C, or D individually selected (WRITE MODE). 

• DAC A, B, C, or D individually selected (READ MODE). 

• DACs A and C simultaneously selected (WRITE MODE). 

• DACs B and D simultaneously selected (WRITE MODE). 

DAC Selection: Control inputs, DS1 , DS2, and A/B select which 
DAC can accept data from the input port (see Mode Selection 
Table). 

Mode Selection: Control inputs DS and R/W control the 
operating mode of the selected DAC. 

Write Mode: When the control inputs DS and R/W are both low, 
the selected DAC is in the write mode. The input data latches of 
the selected DAC are transparent, and its analog output 
responds to activity on the data inputs DBO— DB7. 

Hold Mode: The selected DAC latch retains the data that was 
present on the bus line just prior to DS or R/W going to a high 
state. All analog outputs remain at the values corresponding to 
the data in their respective latches. 

Read Mode: When DS is low and R/W is high, the selected DAC 
is in the read mode, and the data held in the appropriate latch is 
put back onto the data bus. 


MODE SELECTION TABLE 


CONTROL LOGIC 



DS1 

DS2 

A/B 

R/W 

MODE 

DAC 

L 

H 

H 

L 

WRITE 

A 

L 

H 

L 

L 

WRITE 

B 

H 

L 

H 

L 

WRITE 

C 

H 

L 

L 

L 

WRITE 

D 

L 

H 

H 

H 

READ 

A 

L 

H 

L 

H 

READ 

B 

H 

L 

H 

H 

READ 

C 

H 

L 

L 

H 

READ 

D 

L 

L 

H 

L 

WRITE 

A&C 

L 

L 

L 

L 

WRITE 

B&D 

H 

H 

X 

X 

HOLD 

A/B/C/D 

L 

L 

H 

H 

HOLD 

A/B/C/D 

L 

L 

L 

H 

HOLD 

A/B/C/D 


L= LOW STATE H = HIGH STATE X = IRRELEVANT 
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BASIC APPLICATIONS 

Some basic circuit configurations are shown in Figures 6 and 7. 
Figure 6 shows the DAC-8408 connected in a unipolar configura- 
tion (2-Quadrant Multiplication), and Table I shows the Code 
Table. Resistors R1, R2, R3, and R4 are used to trim full scale 
output. Full-scale output voltage =V REF -1 LSB=V REF (1 -2~ 8 )or 
v ref x (255/256) with all digital inputs high. Low temperature 
coefficient (approximately 50ppm/°C) resistors or trimmers 
should be selected if used. Full scale can also be adjusted using 
V REF voltage. This will eliminate resistors R1, R2, R3,and R4. In 
many applications, R1 through R4 are not required, and the 
maximum gain error will then be that of the DAC. 

Each DAC exhibits a variable output resistance that is code- 
dependent. This produces a code-dependent, differential non- 
linearity term at the amplifier’s output which can have a 
maximum value of 0.67 x the amplifier’s offset voltage. This 
differential nonlinearity term adds to the R-2R resistor ladder 
differential-nonlinearity; the output may no longer be mono- 
tonic. To maintain monotonicity and minimize gain and linearity 
errors, it is recommended that the op amp offset voltage be 
adjusted to less than 10% of 1 LSB (1 LSB = 2'®x V REF or 
1/256 x V REF ), or less than 3.9m V over the operating temperature 
range. Zero-scale output voltage (with all digital inputs low) 
may be adjusted using the op amp offset adjustment. Capacitors 
Cl, C2, C3, and C4 provide phase compensation and help pre- 
vent overshoot and ringing when using high speed op amps. 

Figure 7 shows the recommended circuit configuration for the 
bipolar operation (4-quadrant multiplication), and Table II 
shows the Code Table. Trimmer resistors R17, R18, R19, and R20 


are used only if gain error adjustments are required and range 
between 50 and 1000ft. Resistors R21, R22, R23, and R24 will 
range betwen 50 and 500ft. If these resistors are used, it is 
essential that resistor pairs R9— R13, R10— R14, R11 — R15, 
R12— R16are matched both in value and tempco. They should 
be within 0.01 %; wire wound or metal foil types are preferred for 
best temperature coefficient matching. The circuits of Figure 6 
and 7 can either be used as a fixed reference D/A converter, or 
as an attenuator with an AC input voltage. 


TABLE I: Unipolar Binary Code Table (Refer to Figure 6.) 



DAC DATA INPUT 





MSB 




LSB 

ANALOG OUTPUT 

1 

1 1 

1 

1 

1 

1 

1 

“ v ref 1 

(255\ 


1 

0 0 

0 

0 

0 

0 

1 

-Vref 1 

( 329 ) 


1 

0 0 

0 

0 

0 

0 

0 

-Vref 1 

( 128 ) 

Z| 

1 1 

II 

0 

1 1 

1 

1 

1 

1 

1 

-Vref 1 

(I) 


0 

0 0 

0 

0 

0 

0 

1 

■V REF 1 

(£) 


0 

0 0 

0 

0 

0 

0 

0 

“Vref 1 

(A) 

= 0 


NOTE: 1 

1 LSB = (2 8 ) (V REF ) = — (V REF ) 


FIGURE 6: Quad DAC Unipolar Operation (2-Quadrant Multiplication) 
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FIGURE 7: Quad DAC Bipolar Operation (4-Quadrant Multiplication) 


VrefA Vr EF C 



TABLE II: Bipolar ( Offset Binary) Code Table ( Refer to Figure 7. ) 



DAC DATA INPUT 


ANALOG OUTPUT 

MSB 





LSB 

(DAC A OR DAC B) 

1 

1 

1 

1 

1 

1 

1 

1 

**- (H) 

1 

0 

0 

0 

0 

0 

0 

1 

+Vref (4a) 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

-Vref (4§) 

0 

0 

0 

0 

0 

0 

0 

1 

-vref (m) 

0 

0 

0 

0 

0 

0 

0 

0 

ooi oo 

CM CM 

li- 

eu 

£E 

> 

1 


NOTE: 

1 LSB = (2 7 ) (V REF ) = — (V REF ) 


APPLICATION HINTS 

General Ground Management: AC or transient voltages between 
AGND and DGND can appear as noise at the DAC-8408’s 
analog output. Note that in Figures 5 and 6, I 0 ut 2a/ j out 2B and 
•out 2C /i out 2D are connected to AGND. Therefore, it is 
recommended that AGND and DGND be tied together at the 
DAC-8408 socket. In systems where AGND and DGND are tied 
together on the backplane, two diodes (1N914 or equivalent) 
should be connected in inverse parallel between AGND and 
DGND. 

Write Enable Timing: During the period when both DS and R/W 
are held low, the DAC latches are transparent and the analog 
output responds directly to the digital data inpu^To prevent 
unwanted variations of the analog output, the R/W should not 
go low until the data bus is fully settled (DATA VALID). 
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SINGLE SUPPLY, VOLTAGE OUTPUT OPERATION 

The DAC-8408 can be connected with a single +5V supply to 
produce DAC output voltages from OV to +1.5V. In Figure 8, 
the DAC-8408 R-2R ladder is inverted from its normal con- 
nection. A +1.500V reference is connected to the current 
output pin 4 (Ioutia). and the normal VREFinput pin becomes 
the DAC output. Instead of a normal current output, the R-2R 
ladder outputs a voltage. The OP-490, consisting of four 
precision low-power op amps that can operate its inputs and 
outputs to zero volts, buffers the DAC to produce a low- 
impedance output voltage from OV to +1.5V full-scale. Table 
III shows the code table. 

With the supply and reference voltages as shown, better than 
1/2 LSB differential and integral nonlinearity can be ex- 
pected. To maintain this performance level, the +5V supply 
must not drop below 4.75V. Similarly, the reference voltage 
must be no higher than 1.5V. This is because the CMOS 
switches require a minimum level of bias in order to maintain 
the linearity performance. 


TABLE III: Single Supply Binary Code Table (Refer to 
Figure 8) 


DAC DATA INPUT 

MSB LSB ANALOG OUTPUT 

11111111 V REF ( 

[!)■ +1 - 4941V 

1 0 0 0 0 0 0 1 Vref ( 

[!)' +0.7559V 

1 0 0 0 0 0 0 0 V REF 1 

'HI), +0. 7500V 

01111111 Vref 1 

(!)• + °- 7441V 

0 0 0 0 0 0 0 1 Vref ( 

Ae)- +00059V 

00000000 Vref 

> 

o 

o 

O 

O 

o 

ICO 

o Un 

ICsi 


FIGURE 8: Unipolar Supply, Voltage Output DAC Operation 
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FIGURE 9: A Digitally Programmable Universal Active Filter 


R5 

iookn 



A DIGITALLY PROGRAMMABLE ACTIVE FILTER 

A powerful D/A converter application is a programmable 
active filter design as shown in Figure 9. The design is based 
on the state-variable filter topology which offers stable and 
repeatable filter characteristics. DAC B and DAC D can be 
programmed in tandem with a single digital byte load which 
sets the center frequency of the filter. DAC A sets, the Q of 
the filter. DAC C sets the gain of the filter transfer function. 
The unique feature of this design is that varying the gain of 
filter does not affect the Q of the filter. Similarly, the reverse is 
also true. This makes the programmability of the filter 
extremely reliable and predictable. Note that low-pass, high- 
pass, and bandpass outputs are available. This sophisticated 
function is achieved in only two 1C packages. 

The network analyzer photo shown in Figure 10 superim- 
poses five actual bandpass responses ranging from the low- 
est frequency of 75Hz (1 LSB ON) to a full-scale frequency of 
19.132kHz (all bits ON), which is equivalent to a 256 to 1 
dynamic range. The frequency is determined by f c = 1/2 ttRC 
where R is the ladder resistance (R iN ) of the DAC -8408, and 
C is lOOOpF. Note that from device to device, the resistance 
R in varies. Thus some tuning may be necessary. 


FIGURE 10: Programmable Active Filter Band-Pass Frequency 
Response 



THE CIRCUIT PROVIDES FULL. 8-BIT 
(> 2 DECADE ) DYNAMIC RANGE OF 
FREQUENCY CONTROL 


All components used are available off-the-shelf. Using low 
drift thin-film resistors, the DAC-8408 exhibits very stable 
performance over temperature. The wide bandwidth of the 
OP-470 produces excellent high frequency and high Q 
response. In addition, the OP-470’s low input offset voltage 
assures an unusually low DC offset at the filter output. 
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FIGURE 11: A Digitally Programmable, Low-Distortion Sinewave Oscillator 



A LOW-DISTORTION, PROGRAMMABLE 
SINEWAVE OSCILLATOR 

By varying the previous state-variable filter topology slightly, 
one can obtain a very low distortion sinewave oscillator with 
programmable frequency feature as shown in Figure 11. 
Again, DAC B and DAC D in tandem control the oscillating 
frequency based on the relationship f c = 1/27rRC. Positive 
feedback is accomplished via the 82.5kn and the 20kH potentio- 
meter. The Q of the oscillator is determined by the ratio of 


10k(l and 4750 in series with the FET transistor, which acts 
as an automatic gain control variable resistor. The AGC 
action maintains a very stable sinewave amplitude at any 
frequency. Again, omy two ICs accomplish a very useful 
function. 

At the highest frequency setting, the harmonic distortion 
level measures 0.016%. As the frequencies drop, distortion 
also drops to a low of 0.006%. At the lowest frequency setting, 
distortion came back up to a worst case of 0.035%. 
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DEVICES 



Octal 8-Bit CMOS 
D/A Converter 



FEATURES 

• ±1/2 LSB Total Unadjusted Error 

• 2(is Settling Time 
0 Serial Data Input 

• ±Full-Scale Output Set by V REF H and V REF L 

• Unipolar and Bipolar Operation 

• TTL Input Compatible 

• 20-Pin DIP or SOL Package 

• Low Cost 


APPLICATIONS 

0 Voltage Set Point Control 
0 Digital Offset & Gain Adjustment 
0 Microprocessor Controlled Calibration 
0 General Purpose Trimming Adjustments 


GENERAL DESCRIPTION 

The DAC-8800 T rimDAC™ is designed to be a general purpose 
digitally controlled voltage adjustment device. The output 
voltage range can be independently set for each set of four D/A 
converters. In addition, both unipolar and bipolar output voltage 
ranges are easy to establish by external reference input high and 
low terminals. The digitally-programmed output voltages are 
ideal for op amp trimming, voltage-controlled amplifier gain 
setting and any general purpose trimming tasks. 

A three-wire serial digital interface loads the contents of eight 
internal DAC registers wh ich e stablish the output voltage levels. 
An asynchronous Clear (CLR) input places all DACs in a zero 
code output condition, very handy for system power-up. An 
internal regulator provides TTL input compatibility over a wide 
range of V DD supply voltages. Single supply operation is 
available by connecting V ss to GND. 


FUNCTIONAL DIAGRAM 



ORDERING INFORMATION * 



PACKAGE 


OPERATING 

CERDIP 

PLASTIC 

SO 

TEMPERATURE 

20-PIN 

20-PIN 

20-PIN 

RANGE 

DAC8800BR* 

_ 

_ 

-55°C to +125°C 

DAC8800FR 

DAC8800FP 

DAC8800FS n 

-40°C to +85°C 


* For devices processed in total compliance to MIL-STD-883, add /883 after part 

number. Consult factory for 883 data sheet, 
t Burn-in is available on commercial and industrial temperature range parts in 


ft 


CerDIP and plastic DIP packages. 

For availability and burn-in information on SO package, contact your local sales 
office. 



PIN CONNECTIONS 
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ELECTRICAL CHARACTERISTICS: (Note 1) Unless otherwise noted, SINGLE SUPPLY: V DD = +12V, V ss = OV, V R£F H = +5V, 
V ref L = OV; or DUAL SUPPLY: V 0D = +1 2V, V ss = -5V, V REF H = +2.5V, V REF L = -2.5V; F GRADE: -40°C sT A s +85°C; B GRADE: 
-55°CsT a s+125°C. 






DAC-8800 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC ACCURACY All specifications apply for DACs A, B, C, D, E, F, G, H 

Resolution 

N 


8 

- 

- 

Bits 

Total Unadjusted Error 
(Note 2) 

TUE 


- 


±1/2 

LSB 

Differential Nonlinearity 
(Note 3) 

DNL 


- 

- 

±1 

LSB 

Full Scale Error 

G fse 


- 

- 

±1/2 

LSB 

Zero Code Error 

V ZSE 


- 

- 

±1/2 

LSB 

DAC Output Resistance 

r out 


8 

12 

16 

k£2 

DAC Output Resistance Match 

ar out /r out 


- 

0.5 

- 

% 

REFERENCE INPUT 

Voltage Range (Note 5) 

v ref h 

Pins 2 & 19 

v ref l 

- 

(Vdd" 4 ) 


v ref l 

Pinsl & 20 

tt< 

- 

v ref h 


Input Resistance 

v ref h 

Digital Inputs = 55 H 

2 

3 

- 

kQ 

Input Resistance Match 

AR ref H/R ref H 

Digital Inputs = 55 R 

- 

0.5 

- 

% 

Reference Input 


Digital Inputs All Zeros 

- 

50 

75 

pF 

Capacitance (Note 4) 

°REF 

Digital Inputs All Ones 

- 

75 

100 

DIGITAL INPUTS 

Logic High 

V .NH 


2.4 

- 

- 

V 

Logic Low 

V .NL 


- 

- 

0.8 

V 

Input Current 

'in 

V |N = OV or +5V 

- 

- 

±1 

pA 

Input Capacitance (Note 4) 

C ,N 


- 

4 

8 

PF 

Input Coding 




BINARY 



POWER SUPPLIES (Note 6) 

Positive Supply Current 

'dd 

Diial Su pp ! y ^ L os 

- 

1 

0.2 

2 

0.4 

mA 

Negative Supply Current 

'ss 

Dual Supply 

- 

0.01 

0.2 

mA 

Power Dissipation 

P DISS 

Single Supply Operation 

Dual Supply Operation 

- 

12 

12 

24 

25 

mW 

DC Power Supply 

Rejection Ratio 

PSRR 

AV dd =±5% 

- 

0.001 

0.01 

%/% 

DYNAMIC PERFORMANCE (Note 4) 

V OUT Settling Time 

l s 

±1/2 LSB Error Band 

- 

0.8 

2 

ns 

Channel-to-Channel 

Crosstalk (Note 7) 

CT 

Measured Between Adjacent DAC Outputs 

- 

80 

- 

nVs 
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ELECTRICAL CHARACTERISTICS: (Note 1 ) Unless otherwise noted, SINGLE SUPPLY: V DD = +1 2V, V ss = OV, V REF H = +5V, 
V ref L = OV; or DUAL SUPPLY: V DD « +1 2V, V ss = -5V, V REF H = +2.5V, V REF L = -2.5V; F GRADE: -40°C < T A < +85°C; B GRADE: 
-55 °C < T A < +1 25°C. Continued 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

DAC-8800 

TYP 

MAX 

UNITS 

SWITCHING CHARACTERISTICS (Notes 4, 8) 

Input Clock Pulse Width 

W l CL 

Clock Level High or Low 

60 

- 

- 

ns 

Data Setup Time 

l DS 


30 

- 

- 

ns 

Data Hold Time 

t DH 


30 

- 

- 

ns 

DAC Register Load Pulse Width 

l LD 


50 

- 

- 

ns 

Clear Pulse Width 

l CLR 


50 

- 

> 

ns 

Clock Edge to Load Time 

l CKLD 


50 

- 

- 

ns 

Load Edge to Next Clock 

Edge Time 

l LDCK 


50 

- 

- 

ns 


NOTES: 

1. Testing performed in SINGLE SUPPLY mode, except l DD , l ss , and PSRR 
which are tested in DUAL SUPPLY mode. 

2. Includes Full Scale Error, Relative Accuracy, and Zero Code Error. 

3. All devices guaranteed monotonic over the full operating temperature range. 

4. Guaranteed by design and not subject to production test. 

5. V DD — 4 volts is the maximum reference voltage for the above specifications. 


6. Digital Input voltages V, N = V |NL or V |NH for TTL condition; V, N = OV or +5V for 
CMOS condition. DAC outputs unloaded. Pq ISS is calculated from 0 DD x V DD ) 
+ ('ss x v ss)- 

7. Measured at V QUT pin where an adjacent V OUT pin is making a full-scale volt- 
age change. 

8. See timing diagram for location of measured values. 


DETAILED DAC-8800 BLOCK DIAGRAM 
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DICE CHARACTERISTICS 



WAFER TEST LIMITS at V DD = +12V, V ss 

= OV, V REF H = +5V, V ref L = OV; T A 

= +25°C unless otherwise noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-8800G 

LIMIT 

UNITS 

Total Unadjusted Error 

TUE 


±1/2 

LSB MAX 

Differential Nonlinearity 

DNL 


±1 

LSB MAX 

Full Scale Error 

Gfse 


±1/2 

LSB MAX 

Zero Code Error 

V ZS E 


±1/2 

LSB MAX 

DAC Output Resistance 

Rout 


8 

16 

kO MIN 

kn MAX 

Reference Input Resistance 

RrefH 

Digital Inputs = 55H 

2 

kQMIN 

Digital Inputs High 

V|NH 


2.4 

V MIN 

Digital Inputs Low 

v INL 


0.8 

V MAX 

Digital Input Current 

>IN 

V, N = 0V or +5 V 

±1 

pA MAX 

Positive Supply Current 

■dd 

V SS = -5V TTL 

ss CMOS 

2 

0.4 

mA MAX 

Negative Supply Current 

Iss 

V SS = -5 V 

0.2 

mA MAX 

DC Power Supply 

Rejection Ratio 

PSRR 

AVqd = ±5% 

0.01 

%/% MAX 


NOTE: 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 


8-66 SPECIAL FUNCTION VIDEO PRODUCTS 


REV. A 





DAC-8800 


ABSOLUTE MAXIMUM RATINGS (T A = +25°C, unless 
otherwise noted) 

V DD to V ss OV, +20V 

V nn to GND OV, +20V 


Digital Input Voltage to GND GND - 0.3V, V DD + 0.3V 


F LtoGND V ss , V R 


Operating Temperature Range 

Military, DAC-8800BR -55°C to +125°C 

Extended Industrial, DAC-8800FR,FP,FS ...-40°C to +85°C 

Maximum Junction Temperature (T Max) +150°C 

Storage Temperature -65°Cto +150°C 

Lead Temperature (Soldering, 10 sec) +300°C 

Package Power Dissipation (T. Max - T A )/0. A 


TABLE 1: PIN Function Description 


PIN MNEMONIC 


DESCRIPTION 


PACKAGE TYPE 

© JA (Note 1) 

e ic 

UNITS 

20-Pin Flermetic DIP (R) 

76 

11 

°C/W 

20-Pin Plastic DIP (P) 

69 

27 

°c/w 

20-Pin SO (S) 

88 

25 

°C/W 


NOTE: 

1 . 0j A is specified for worst case mounting conditions, i.e., 0^ A is specified for 
device in socket for CerDIP, and P-DIP packages: 0 jA is specified for device 
soldered to printed circuit board for SO package. 

CAUTION: 

1 . Do not apply voltages higher than V Q D or less than V g s potential on any termi- 
nal. 

2. The digital control inputs are zener-protected; however, permanent damage 
may occur on unprotected units from high-energy electrostatic fields. Keep 
units in conductive foam at all times until ready to use. 

3. Do not insert this device into powered sockets; remove power before insertion 
or removal. 

4. Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to device. 


1 Vref^i External DAC voltage reference input shared by DAC A, B, C, D. V REp L 1 determines the lowest negative DAC output voltage. 

V ref L 1 must be equal to or more positive than V ss . 

2 Vref^ External DAC voltage reference input shared by DAC A, B, C, D. V REF H 1 determines the highest positive DAC output voltage. 

3 V out A DAC A Output * 

4 V out B DAC B ° ut P ut 

■ Output voltage determined by external V DCC FL and V DCt -L . 

5 V QUT C DAC C Output y 1 REF 1 REF 1 

6 V out d DAC D Output 

7 V DD Positive supply, allowable input voltage range +4.5V to +16V. 

8 SDI Serial Data Input 

9 CLK Serial Clock Input, positive edge triggered . TTL Input Compatible 

10 CLK Clock Enable or Serial Clock Input, negative edge triggered 

1 1 GND Ground 

1 2 CLR Clear Input (Active Low), Asynchronous TTL compatible input that resets all DAC registers to zero code. 

13 LD Load DAC Register Strobe, TTL compatible input that transfers data bits from serial input register into the decoded DAC register. 

See Table 2. 



14 V gs Negative Supply, allowable input voltage range OV to -12V. 

15 V out E DACE Output 

16 v out F DAC F Output 

- Output voltage determined by external V ncc FL and V oct .L_. 

17 V out G DAC G Output REF 2 REF 2 

18 V 0(JT hl DAC H Output 

19 V ref ^2 External DAC voltage reference input shared by DAC E, F, G, H. V REp H 2 determines the highest positive DAC output voltage. 

20 V ref L 2 External DAC voltage reference input shared by DAC E, F, G, H. V REp L 2 determines the lowest negative DAC output voltage. 

V REp L 2 must be equal to or more positive than V ss . 
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FIGURE 1 : Timing Diagrams 


TABLE 2: Serial Input Decode Table 



TABLE 3: Logic Control Input Truth Table 


CLK 

cUk 

INPUT SHIFT REGISTER OPERATON 

T 

L 

Shift Data 

H 

i 

Shift Data 

L 

X 

No Operation 

X 

H 

No Operation 
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TYPICAL PERFORMANCE CHARACTERISTICS 

TOTAL UNADJUSTED ERROR SUPPLY CURRENT vs POWER SUPPLY REJECTION 

vs DIGITAL INPUT CODE TEMPERATURE RATIO vs FREQUENCY 



0 64 128 194 256 -75 -50 -25 0 25 50 75 100 125 10 100 Ik 10k 100k 


DIGITAL-INPUT CODE (DECIMAL) TEMPERATURE (“C) FREQUENCY (Hz) 


DAC OUTPUT SETTLING TIME 
POSITIVE & NEGATIVE 
TRANSITIONS 


W ' - I M 

' ■ •■■‘■■-I- 



EXPANDED DAC OUTPUT 
SETTLING TIME POSITIVE 
TRANSITION 



EXPANDED DAC OUTPUT 
SETTLING TIME NEGATIVE 
TRANSITION 



UPPER TRACE: t LD INPUT (5V/DIV) 

LOWER TRACE: V QUT A (2V/DIV) 
CONDITIONS: V Q D = +12V, V RER H 1 = +5V, 

V ref L i= 0V ’ V ss = 0V - 
R l = 1MQ, C L = 3.4pF 


UPPER TRACE: t LD INPUT (5V/DIV) 

LOWER TRACE: V QUT A (1 V/DIV) 
CONDITIONS: V DD = +12V, V^H, = +5V, 

V ref L i=0 V - V ss = 0V ’ 

R l = 1MQ, C L = 3.4pF 


UPPER TRACE: t LD INPUT (5V/DIV) 
LOWER TRACE: V QUT A (1V/DIV) 
CONDITIONS: V DD = +12V, V REp H. 


v ref l 1 =ov,v ss = ov, 


R l = 1MQ, C L = 3.4pF 


DAC OUTPUT CHANNEL-TO- 
CHANNEL CROSSTALK BOTH 
TRANSITIONS 



UPPER TRACE: V QUT A 0 TO +5V CHANGE 
LOWER TRACE: V 0UJ B (1 V/DIV) 
CONDITIONS: V DD = +12V, V REfr H 1 = +5V, 

V ref L 1 = 0V - V ss = 0V ’ 

R l = 1MQ, C L = 3.4pF 


EXPANDED DAC OUTPUT 
CHANNEL-TO-CHANNEL CROSS- 
TALK NEGATIVE TRANSITION 



UPPER TRACE: V QUT A +5V TO OV CHANGE 
LOWER TRACE: V QUT B (lOOmV/DIV) 
CONDITIONS: V QD = +12V, V REp H 1 = +5V, 

V ref L i= 0V - V ss = 0V ’ 

R L = 1Mfi,C L = 3.4pF 


EXPANDED DAC OUTPUT 
CHANNEL-TO-CHANNEL CROSS- 
TALK POSITIVE TRANSITION 



UPPER TRACE: V QUT A 0 TO +5V CHANGE 
LOWER TRACE: V QUT B (lOOmV/DIV) 
CONDITIONS: V Q D = +12V, V RER H 1 = +5V, 

V ref L i= 0V - V ss = 0V ’ 

R l = 1MQ, C L = 3.4pF 
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CIRCUIT OPERATION 

The DAC-8800 provides a programmable voltage output adjust- 
ment capability. Changing the programmed output voltage of 
each DAC is accomplished by clocking in an 1 1-bit serial data 
word into pin SDI (Serial Data Input). The format of this data 
word is three address bits, MSB first, followed by 8 data bits, 
MSB first. Table 2 provides the serial input decode table for data 
loading. DAC outputs can be changed one at a time in random 
sequence. The fast serial-data clocking of 6.6MHz makes it 
possible to load all 8 DACs in as little time as 14 microseconds. 
The exact timing requirements are provided in Figure 1. 

A clear (CLR) input pin allows the circuit to be powered -up i n the 
all zero state or a system reset pulse connected to CLR can 
asynchronously clear all data registers. 



FIGURE 2: DAC-8800 TrimDAC™ Equivalent DAC Circuit 


The output voltage range is determined by the external input 
voltages applied to V REF H and V REF L. See Figure 2 for a simpli- 
fied equivalent DAC circuit. If a negative supply is used on V ss 
then V ref L may be set negative resulting in a programmable 
bipolar output voltage swing. 

The actual output voltage, V QUT , depends on V REF H and V REF L 
as follows: 


V 0UT (D) = Dx(V ref H-V ref L)/256 + 

V ref l 


where D is a whole number binary digital input word loaded into 
the DAC register. For example, when V REF H = +5V and V REF L = 
OV unipolar output operation results with the following binary 
digital inputs: 


D 

U") 

Vre F H = +5.00V;Vr EF L = 0V 

255 

4.98V 

Full-Scale 

128 

2.50V 

Half-Scale 

1 

0.02V 

1 LSB 

0 

0.00V 

Zero-Scale also generated 
When CTR Input Activated 


Bipolar output operation is achieved when V REF H = +2.5V and 
V ref L = -2.5V, also note V ss must be equal to or more negative 
than V ref L. V ss = -5V is a good choice for this example. The 
following example lists the actual bipolar output voltages pro- 
duced by the binary digital input which would now be considered 
offset-binary coded: 


D 

W D > 

V ref H = + 2.50V;V r6f L = -2.50V 

255 

2.48V 

Positive Full-Scale 

129 

0.02V 

Positive 1 LSB 

128 

0.00V 

Bipolar Zero-Scale 

127 

-0.02V 

Negative 1 LSB 

0 

-2.50V 

Negative Full-Scale 


REFERENCE INPUTS (V REF H 1 , V REF L 1 , V ref H 2 , V ref L 2 ) 
The external voltages connected to the V REF input pins deter- 
mine the programmable output voltage ranges of the two sets of 
four DACs in the DAC-8800. Specifically, V REF H 1 and V REF L, 
are connected to DACs, A, B, C, D, and V REfr H 2 and V REF L 2 
are connected to DACs E, F, G, H. 

Inspection of the DAC-8800 equivalent DAC circuit (Figure 2) 
shows the external V REF H and V REF L inputs connected to the 
internal DAC switches. During updating, the DAC switches pro- 
duce transient current flowing from V REF H to V REp L. It is recom- 
mended to place 0.01 jiF bypass capacitors across the V REF H 
and V ref L inputs to minimize the voltage transients. 
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A wide range of external voltage references can be used subject 
to the reference input voltage range boundary conditions. First 
V ref H should always be more positive than V REF L. DC voltages 
are recommended. V REF L can be equal to the negative power 
supply V ss . This feature results in single supply operation when 
V ss is at ground. V REF H should not be closer than four volts to 
V DD . This is due to the DAC-8800 NMOS only DAC switches 
which will no longer operate properly if V REF H is closer to V DD 
than four volts. Total unadjusted error degrades when (V DD - 
V ref H) is less than four volts as shown in Figure 3. 


TOTAL UNADJUSTED ERROR 
vs (V DD - V REF H) 



Voo-V,,„H (VOLTS) 


FIGURE 3: Effect on TUE Operating Beyond 
(V DD -V REF H)>4V Limit 


DAC OUTPUTS (V OUT A, B, C, D, E, F, G, H) 

The eight D/A converter voltage outputs have a constant output 
resistance independent of digital input code. The distribution of 
Rout * rom DAC to DAC w ^in the DAC-8800 typically matches 
by 0.5%. Device to device R OUT matching is process-lot to proc- 
ess-lot dependent having a ±20% variation. The change in 
Rout w 'th temperature is very small as a result of PMPs low 
temperature coefficient SiCr thin-film resistor process. 

The nominal DAC output capacitance measures three picofar- 
ads and has little variation with temperature. 

One aspect of the nominal 12.5kO DAC output resistance is 
channel-to-channel crosstalk. Under a worst case condition of 
adjacent DAC outputs when DAC A makes a five volt output 
voltage change DAC B exhibits a 300m V voltage transient. See 
photograph in typical characteristics section of data sheet. 

The channel-to-channel crosstalk is due to the 0.1 5pF inter-pin 
package capacitance. A FET probe with 3.4pF input capaci- 
tance was used to measure the DAC output channel-to-channel 
crosstalk characteristics shown. In voltage transient sensitive 
applications, minimization of crosstalk can be accomplished by 
placing ground traces between adjacent DAC output pins. DAC 
output bypass capacitors will also minimize voltage transients. 

Output settling time has adominant pole response as the photo- 
graph in the typical characteristics section shows. The output 
settling time characteristic consists of an 80 nanosecond propa- 
gation delay followed by a single RC decay waveform deter- 
mined by the nominal R OUT of 12.5k£2 times C QUT plus C L0AD 
which includes the oscilloscope probe. 

The digital feedthrough from the serial data inputs (CLK, and 
SDI) to the DAC outputs measures less than 20mV. 


RECOMMENDED OPERATING POWER SUPPLY 
VOLTAGE RANGES 

Although the DAC-8800 is thoroughly specified for operation 
with V pD = +1 2V and V S g = 0V or-5V, it will still function with the 
following recommended boundary conditions: 

• (V DD -V SS )< 18V 

• 4.5V < V DD < 16V 

• 0V > V ss > -12V 

In all cases the reference voltage boundary conditions still ap- 
ply. The boundary conditions described here make it possible 
to use DAC-8800 with a wide variety of readily available supply 
voltages. Some choices include, but are not limited to: 

V dd 7 V ss = + 15V/0V ; +12V/0V; +12V/-5V; +5V/-5V; +5V/-12V 


DIGITAL INTERFACING 

The DAC-8800 contains a standard three-wire serial input con- 
trol interface. The three inputs are clock (CLK), load (LD), and 
serial data input (SDI). A CLK input pin is available for negative 
edge triggered data loading. The edge sensitive clock input pin 
requires clean transitions to avoid clocking incorrect data into 
the serial input register. Standard logic families work well. If 
mechanical switches are used for product evaluation they 
should be debounced by a flip-flop or other suitable means. 

The logic control input truth table (Table 3) defines operation of 
the serial data input register. 

The CLK input is used to place data i n the serial data input reg- 
ister. The unused clock input (CLK or CLK) should be tied to the 
active state (CLK = 1 or CLK = 0 for active). The load strobe (LD) 
which must follow the eleventh active CLK edge transfers the 
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SERIAL DATA 


CLOCK 


LOAD STROBE 


x=>a: 

— n_n* 




XZXIZI 

_n 


O L 

DAC-8800 

9 


o 

CLK 

13 


O 

LD 

10 


1 

CLK 

V DD 


' T « 



CLR 


OND 




FIGURE 4: Three-Wire Serial Interface Connections 



FIGURE 5a: Decoding Multiple DAC-8800s 


data from the serial data input register to the DAC register de- 
coded from the first three address bits clocked into the input reg- 
ister. Any extra CLK edges after the eleventh edge looses the 
first bits shifted in. See Table 2 for a complete description. See 
Figure 4 for an example using the CLK input pin to clock data 
into the SDI. 


The unused clock input of Figure 4can be used to provide a chip 
select (CS) feature for applications using more than one DAC- 
8800. Figure 5a shows the proper connection and timing of the 
CLK inputs which assures that the CLK acting as a chip select 
(CS) is taken to the active low state selecting the desired DAC- 
8800. 
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Another method of decoding multiple DAC-8800S is shown in 
Figure 5b. Here all the DAC serial input registers receive the 
same input data; however, only one of DAC's LD input is acti- 
vated to transfer its serial input register_contents into the desti- 
nation DAC register. In this circuit the LD timing generated by 
the address decoder should follow the DAC-8800 standard tim- 
ing requirements. Note the address decoder should not be acti- 
vated by its WR input while the coded address inputs are chang- 
ing. 



FIGURE 5b: Decoding Multiple DAC-8800s Using the LD 
Input Pin 


APPLICATIONS 

DIGITALLY PROGRAMMABLE AUDIO AMPLIFIER 

The DAC-8800 is well suited to digitally control the gain or at- 
tenuation settings of eight voltage controlled amplifiers (VCAs). 
In professional audio mixing consoles, music synthesizers and 
other audio processor's VCAs, such as the SSM-2014, adjust 
audio channel gain and attenuation from front panel potenti- 
ometers. The VCA provides a clean gain transition control of 
audio level when the slew rate of the analog input control volt- 
age (V c ) is properly chosen. Taking advantage of the 12.5kQ 
nominal output resistance of the DAC-8800 it is very easy to 
control the slew rate of V 0(JT by appropriate selection of C our 
Figure 6 shows one channel of a digitally programmable audio 
amplifier. 

The reference high (V REF H) and reference low (V REF L) input 
voltages of the DAC-8800 provide a digitally programmable 
output voltage of-1 .2V to +1 .2V which is connected to the con- 
trol voltage (V c ) input terminal of the SSM-2014 VCA. The gain 
of the SSM-201 4 is guaranteed to change from -1 5dB to + 1 5dB 
for 1 .2 to -1 .2V input V c voltage. A C QUT of 0.1 pF provides a 
control voltage transition time of 1 .2ms which generates a click 
free change in audio channel gain. 



FIGURE 6: Digitally Programmable Amplifier 


BUFFERING THE DAC-8800 OUTPUT 

External op amps can be used to buffer the output of the DAC- 
8800’s nominal 1 2.5kQ output resistance. In Figure 7 a variety 
of possibilities are shown. The quad low power OP-420 is used 
as a simple buffer to reduce the output resistance of DAC A. The 
OP-420 was chosen for its wide operating supply range, both 
single and dual, low power consumption, and low cost. 


The next two DACs, B and C, are configured in a summing ar- 
rangement where DAC C provides the course output voltage 
setting and DAC B can be used for fine adjustment. The inser- 
tion of R 1 in series with DAC B attenuates its contribution to the 
voltage sum node at the DAC C output. 



DAC D in Figure 7 is in a noninverting gain of two configuration 
increasing the available output swing to 10V. Appropriate 
choice of external op amp gain can achieve output voltage 
swings beyond the range of the DAC-8800 if the external op amp 
power supply voltages are sufficiently high. In addition, the op 
amp feedback network termination could be a bias voltage 
which would provide an offset to the output signal swing. 


SETTING COMPARATOR TRIP POINTS 

The DAC-8800 is ideal to provide setpoints for voltage input 
comparators. In Figure 8 the very low power CMP-404 detects 
whether input voltage (V |N ) is higher or lower than the pro- 
grammed limit values providing TTL compatible output signals. 
The compactness of the DAC-8800 makes it ideal for high den- 
sity testing applications found in pin head electronics. 
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FIGURE 7: Buffering the DAC-8800 Output 



FIGURE 8: Setting the Comparator Trip Points 
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CURRENT SUMMING OUTPUT OPERATIONS 

Since the DAC-8800 has a constant output resistance regard- 
less of digital input code, it can be used in a current summing 
application. Figure 9 depicts the DAC output connected to the 
inverting input of an OP-20 low power consumption op amp. An 
external feedback resistor sets the output signal swing accord- 
ing to the formula given. The gain accuracy of this circuit has a 
wide variation due to the 30% output tolerance of the DAC-8800 
Rqut specification. A second DAC in the DAC-8800 could be 
used with an external resistor summed into the OP-20 current 
summing node to digitally adjust the full-scale swing. 

OPTICALLY ISOLATED TWO-WIRE INTERFACE 

Two-wire signal interfacing is often found in process control 
applications where electrical isolation of hazardous environ- 
ments and minimization of wiring is necessary. Isolation trans- 
formers or optocouplers provide the high voltage isolation. 
Normally the DAC-8800 requires a three-wire interface to up- 
date the DAC contents. One technique which translates a two- 
wire interface into the three-wire signal control required by the 



DAC-8800 is shown in Figure 1 0. A single package CMOS-logic 
dual-retriggerable one-shot MC14538 provides the solution. At 
rest the optocouplers are both OFF allowing the pull-up resis- 
tors to sit at logic high. No undefined transients should occur on 
the control input line V c to avoid inadvertently clocking incorrect 
data into the DAC-8800 serial input register. When it is time to 
update one of the DAC-8800 DACs, the CONTROL line will go 





Q 2 (LD) 


u 


V c (CLK) 


:n_nj — nju - 

'IDQGDCDCEXiX 


FIGURE 10: Isolated Two-Wire Signal Interface for Serial Input DAC 
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low, triggering the first one-shot (Q.,). At this time valid data 
should also be applied to the DATA input optocoupler. Sufficient 
time must be allowed before the control (V c ) input returns to 
logic high to make sure the DAC-8800 input data is stabilized. 
When V c changes to logic high, the first DATA bit shifts into the 
DAC-8800 serial data input register. The time constant of the 
first one-shot established by R 1 and C 1 should be at least twice 
as long as tjne basic CONTROL input clock period. This will 
prevent the O, output from returning to the high state. The next 
control input negative edge retriggers the first one-shot and sets 
up the DAC-8800 clockforthe next DATA bit. All eleven positive 
clock edges will fill the DAC-8800 serial input register and each 
negative clock edge will retrigger the first one shot. As soon as 
the CON7 ROL line returns to the passive state^the first one shot 
will time out, triggering the second one shot (Q 2 ), which will pro- 
duce the required load LD pulse for the DAC-8800 to transfer its 
serial input register contents to the internal DAC register com- 
pleting the DAC update. The R 1 C 1 and RXp times need to be 
designed based on the system's CONTROL-input clock rate. 
The optocoupler clocking rate must also be considered in set- 
ting the system clock rate. 


BURN-IN CIRCUIT 
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FEATURES 

Replaces 8 Potentiometers 

1 MHz 4-Quadrant Multiplying Bandwidth 

No Signal Inversion 

Low Zero Output Error 

Eight Individual Channels 

3-Wire Serial Input 

500 kHz Update Data Loading Rate 

±3 Volt Output Swing 

Midscale Preset, Zero Volts Out 

APPLICATIONS 

Automatic Adjustment 

Trimmer Replacement 

Dynamic Level Adjustment 

Special Waveform Generation and Modulation 

GENERAL DESCRIPTION 

The D AC-8 840 provides eight general purpose digitally con- 
trolled voltage adjustment devices. The TrimDAC™ capability 
allows replacement of the mechanical trimmer function in new 
designs. The DAC-8840 is ideal for ac or dc gain control of up 
to 1 MHz bandwidth signals. The 4-quadrant multiplying capa- 
bility is useful for signal inversion and modulation often found 
in video convergence circuitry. 

Internally the DAC-8840 contains eight voltage output CMOS 
digital-to-analog converters, each with separate reference inputs. 
Each DAC has its own DAC register which holds its output 
state. These DAC registers are updated from an internal serial- 
to-parallel shift register which is loaded from a standard 3-wire 
serial input digital interface. Twelve data bits make up the data 
word clocked into the serial input register. This data word is 
decoded where the first 4 bits determine the address of the DAC 
register to be loaded with the last 8 bits of data. A serial data 
output pin at the opposite end of the serial register allows sim- 
ple daisy-chaining in multiple DAC applications without addi- 
tional external decoding logic. 


8-Bit, Octal, 4-Quadrant 
Multiplying, CMOS TrimDAC 


DAC-8840 


FUNCTIONAL BLOCK DIAGRAM 


LOAD 



GND V ss SDO PRESET 

The DAC-8840 consumes only 190 mW from ±5 V power sup- 
plies. For single 5 V supply applications consult the DAC- 8 841. 

The DAC-8840 is available in 24-pin plastic DIP, cerdip, and 
SOIC-24 packages. A separate MIL-STD/883 data sheet for 
-55°C to +125°C operation is available on request. 


TrimDAC is a trademark of Analog Devices, Inc. 
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(V DD = +5 V, V ss = -5 V, All V !M X = +3 V, T A = -40°C to +85°C apply 
for DAC-8840F, unless otherwise noted) 


Parameter 

Symbol 

Conditions 

| Min 

Typ 

Max 

Units 

STATIC ACCURACY 


All Specifications Apply for DACs A, B, 

C, D, E, 

F, G, H 



Resolution 

N 


8 



Bits 

Integral Nonlinearity 

INL 



±1/4 

±1 

LSB 

Differential Nonlinearity 

DNL 

All Devices Monotonic 



±1 

LSB 

Output Offset 

Vbze 

PR = 0, Sets D = 80„ 


3 

25 

mV 

Output Offset Drift 

TCV bz 

PR = 0, Sets D = 80 h 




|xV/°C 

REFERENCE INPUTS 


Applies to All Inputs V IN X 





Voltage Range 

IVR 

Note 1 

±3 



V 

Input Resistance 

Rin 

D = 2B H , Code Dependent 

3 

6 


kn 

Input Capacitance 

Qn 

D = FF h , Code Dependent 


19 

30 

pF 

DAC OUTPUTS 


Applies to All Outputs V oux X 





Voltage Range 

OVR 

R l = 10 kfl 

±3 



V 

Output Current 

loUT 

AV out <1 LSB 

±5 

±10 


mA 

Capacitive Load 

C L 

No Oscillation 



200 

pF 

DYNAMIC PERFORMANCE 


Applies to All DACs 





Multiplying Gain Bandwidth 

GBW 

V IN X = 100 mV p-p 

1 

2.5 


MHz 

Slew Rate 


Measured 10% to 90% 





Positive 

SR+ 

AV OU tX= +6 V 

1.3 

4.0 


V/JJLS 

Negative 

SR- 

AV out X = -6 V 

1.3 

2.5 


V/|xs 

Total Harmonic Distortion 

THD 

V IN X = 4 V p-p, D = FF h , 


0.01 


% 



f = 1 kHz, f LP = 80 kHz 





Spot Noise Voltage 

e N 

f = 1 kHz 


0.17 


(xV/V Hz 

Output Settling Time 


± 1 LSB Error Band, D = 0 to FF H 


3.5 

6 

fXS 

Channel-to-Channel Crosstalk 

C T 

Measured Between Adjacent Channels, 







f = 100 kHz 

60 

80 


dB 

Digital Feedthrough 

Q 

Vinx = 0 V, D = 0 to 255 10 


6 


nVs 

POWER SUPPLIES 







Power Supply Current 

1 DD 

PR = 0 V 


19 

26 

mA 

Negative Supply Current 

Iss 

PR = 0 V 


19 

26 

mA 

Power Dissipation 

Fdiss 



190 

260 

mW 

DC Power Supply Rejection Ratio 

PSRR 

PR = 0 V, AV dd = ±5% 


0.0002 

0.01 

%/% 

Power Supply Range 

PSR 

Vdd> l^ssl 

4.75 

5.00 

5.25 

V 

DIGITAL INPUTS 







Logic High 

v IH 


2.4 



V 

Logic Low 

VlL 




0.8 

V 

Input Current 

II 




±10 

|xA 

Input Capacitance 

Ql 



7 

10 

pF 

Input Coding 



Offset Binary 



DIGITAL OUTPUT 







Logic High 

VoH 

Iqh — 0.4 mA 

3.5 



V 

Logic Low 

VoL 

Iql — 1-6 mA 



0.4 

V 


NOTE 

‘Maximum input voltage is always 2 V less than V DD , 
Specifications subject to change without notice. 


TiMiur CDcrinr ATinuc (V »" = +5 v ' v “ = “ 5 v ' Al! v '« x = +3 v ’ T « = - 40 ° c 
MmlNu or tLIMLAIIUNo to +85°C apply for DAC-8840F, unless otherwise noted) 


Parameter 

Symbol 

Min 

Max 

Units 

Input Clock Pulse Width 

l CH) l CL 

80 


ns 

Data Setup Time 

l DS 

40 


ns 

Data Hold Time 

l DH 

20 


ns 

CLK to SDO Propagation Delay 

l PD 


120 

ns 

DAC Register Load Pulse Width 

l LD 

70 


ns 

Preset Pulse Width 

tpR 

50 


ns 

Clock Edge to Load Time 

l CKLD 

30 


ns 

Load Edge to Next Clock Edge 

l LDCK 

60 


ns 
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WAFER TEST LIMITS: (V D0 = +5 V, V ss = -5 V, All V,„X = +3 V, T a = +25 0 C, unless othewise noted.) 


Parameter 

Symbol 

Conditions 

DAC8840GBC 

Limits 

Units 

Integral Nonlinearity 

INL 


±1 

LSB max 

Differential Nonlinearity 

DNL 

All Devices Monotonic 

±1 

LSB max 

Output Offset 

VfiZE 

PR = 0, Sets D = 80 h 

25 

mV max 

Input Resistance (V IN X) 

R-in 

D = 2B h ; Code Dependent 

3 

kfl min 

DAC Output Voltage Range 

OVR 

R L = 10 k n 

±3 

V min 

DAC Output Current 

Slew Rate 

Iout 

AV out < 1 LSB 

Measured 10% to 90% 

±5 

mA min 

Positive 

SR+ 

AV out X = +6 V 

1.3 

V/jxs min 

Negative 

SR- 

AV out X = -6 V 

1.3 

V/|xs min 

Positive Supply Current 

Idd 

PR = 0 V 

26 

mA max 

Negative Supply Current 

Iss 

PR = 0 V 

26 

mA max 

DC Power Supply Rejection Ratio 

PSRR 

PR = 0 V, AV dd = ±5% 

0.01 

%/% max 

Logic Input High 

v IH 


2.4 

V min 

Logic Input Low 

v IL 


0.8 

V max 

Logic Input Current 

II 


±10 

jjlA max 

Logic Output High 

VoH 

I OH = -0.4 mA 

3.5 

V min 

Logic Output Low 

V OL 

Iql = L6 mA 

0.4 

V max 


NOTE 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guar- 
anteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 



DETAIL SERIAL DATA INPUT TIMING (PR = "1") 




Figure 1. Timing Diagram 
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PIN DESCRIPTION 


PIN CONFIGURATION 


PIN 

MNEMONIC 

DESCRIPTION 

1 

VqutC 

DAC C Output 

2 

V OU t b 

DAC B Output 

3 

VqutA 

DAC A Output 

4 

v in b 

DAC B Reference Input 

5 

V in A 

DAC A Reference Input 

6 

GND 

Ground 

7 

FE 

Preset Input, Active Low, 

All DAC Registers = 80 H 

8 

V in E 

DAC E Reference Input 

9 

V 1n F 

DAC F Reference Input 

10 

Vout^ 

DAC E Output 

11 

VqutF 

DAC F Output 

12 

VoutG 

DAC G Output 

13 

VoutH 

DAC H Output 

14 

v in g 

DAC G Reference Input 

15 

V in H 

DAC H Reference Input 

16 

LD 

Load DAC Register Strobe, Active High Input 
That Transfers the Data Bits from the 

Serial Input Register into the Decoded 

DAC Register. See Table 1. 

17 

CLK 

Serial Clock Input, Positive Edge Triggered 

18 

SDO 

Serial Data Output, Active Totem Pole Output 

19 

v ss 

Negative 5 V Power Supply 

20 

SDI 

Serial Data Input 

21 

Vdd 

Positive 5 V Power Supply 

22 

V in D 

DAC D Reference Input 

23 

V, N C 

DAC C Reference Input 

24 

VourD 

DAC D Output 


ABSOLUTE MAXIMUM RATINGS 

(T a = +25°C, unless otherwise noted) 

V DD to GND -0.3, +7 V 

V ss to GND . . +0.3, -7 V 

V IN X to GND V DD ,V SS 

^out^- GND V DD , V ss 

Short Circuit I 0 utX to GND Continuous 

Digital Input & Output Voltage to GND V DD , V ss 

Operating Temperature Range 

Extended Industrial: DAC8840F -40°C to +85°C 

Maximum Junction Temperature (Tj max) +150°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) +300°C 

Package Power Dissipation (Tj Max -T A )/0 JA 

Thermal Resistance 0 JA 

Cerdip 64°C/W 

P-DIP 57°C/W 

SOIC-24 70°C/W 


ORDERING GUIDE 


Model 

Temperature Range 

Package Option 

DAC8840FP 

-40°C to +85°C 

Plastic DIP 

DAC8840FW 

-40°C to +85°C 

Cerdip 

DAC8840FS 

— 40°C to +85°C 

SOIC-24 

DAC8840GBC 

25°C 

DICE 


For devices processed in total compliance to MIL-STD 883, contact our local 
sales office for the DAC8840BW/883 datasheet. 
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DICE CHARACTERISTICS 

DIE SIZE 0.117 x 0.185 inch, 21,645 sq. mils 
(2.9718 x 4.699 mm, 13.964 sq. mm) 

The die backside is electrically common to V DD . 



CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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Typical Performance Characteristics — DAC-8840 



O 64 128 192 256 


DIGITAL INPUT CODE - Decimal 

Figure 2. Linearity Error 
vs. Digital Input Code 



Figure 3. Linearity Error vs. Digital 
Code vs. Temperature 



TEMPERATURE - °C 

Figure 4. V OUT Half-Scale (80 H ) 
vs. Temperature 



Figure 5. Input Resistance vs. Code Figure 6. Total Harmonic Distortion Figure 7. V OUT Slew Rate vs. 

vs. Frequency Temperature 
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Figure 8. Gain and Phase vs. Fre- 
quency (Digital Input = 0 or 255 10 ) 


Figure 9. DAC Crosstalk vs. 
Frequency 


Figure 10. Voltage Noise Density 
vs. Frequency 
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V,N 

(2V/DIV) 


DIGITAL CODE = 
ALL ONES 


v OUT 

(2V/DIV) 


LD 


DIGITAL CODE r 
128 — ► 127 


Voui 

(50mV/DIV) 


Figure 13. 


VOUT 

(lOmV/DIV) 



14S/DIV 


Figure 1 1. Pulse Response 



5iis/DIV 


Figure 12. Settling Time 



500ns/DIV 


Worst Case 1 LSB Digital Step Change 



50ns/DIV 


Figure 14. Digital Feedthrough 



50ns/DIV. 



Figure 15. Digital Crosstalk 


Figure 16. Clock Feedthrough 



Figure 17. 128 kHz Sawtooth Waveform 
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GAIN - dB SUPPLY CURRENT - mA 


DAC-8840 



Figure 18. Supply Current vs. 
Temperature 


Figure 19. Supply Current vs. Supply Figure 20. PSRR vs. Frequency 

Voltage vs. Temperature 




V oy}r X-Vo\ts 



0 200 400 600 800 1000 1200 


T = HOURS OF OPERATION AT 125°C 


Figure 21. Gain (V OUT A/, N ) and 
Feedthrough vs. Frequency 


Figure 22. DAC Output Current 
vs. V OUT X 


Figure 23. Output Drift Delta 
Accelerated by Burn-In 


R 



Figure 24. DAC-8840 TrimDAC Equivalent Circuit 
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DAD-8840 


Table I. Serial Input Decode 



0000000 0 -VIN 

0 0 0 0 0 0 0 1 (1/128-1) x VIN 


0 1 1 1 1 1 1 1 (127/128 -l)x VIN 

1 0 0 0 0 0 0 0 (128/128 -l)x VIN = 0V, (Preset Value) 

1 0 0 0 0 0 0 1 (129/128 -l)x VIN 


1 1 1 1 1 1 1 0 (254/128 -l)x VIN 

1 1 1 1 1 1 1 1 <255/128 -l)x VIN = VIN 


Table II. Logic Control Input Truth Table 


SDI 

CLK 

LD 

PR 

Input Shift Register Operation 

X 

L 

L 

H 

No Operation 

X 


L 

H 

Shift One Bit In from SDI (Pin 20), 
Shift One Bit* Out from SDO (Pin 18) 

X 

X 

L 

L 

All DAC Registers = 80 H 

X 

L 

H 

H 

Load Serial Register Data into 

DAC(X) Register 


♦Data shifted into the SDI pin appears twelve clocks later at the SDO pin. 
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CIRCUIT OPERATION 

The DAC-8840 is a general purpose multiple-channel ac or dc 
signal level adjustment device designed to replace potentiometers 
used in the three-terminal connection mode. Eight independent 
channels of programmable signal level control are available in 
this 24-pin package device. The outputs are completely buffered 
providing up to 5 mA of output drive-current to drive external 
loads. The DAC and amplifier combination shown in Figure 25 
produces four-quadrant multiplication of the signal inputs 
applied to V IN times the digital input control word. In addition, 
the DAC-8840 provides a 1 MHz gain-bandwidth product in the 
four-quadrant multiplying channel. Operating from plus and 
minus 5 V power supplies, analog inputs and outputs of ±3 V 
are easily accommodated. 


R R 



= 2 (D/256) X V |N - V )N 
= (D/128 -1)XV |N 


DAC8840 INPUT OUTPUT VOLTAGE RANGE 



Figure 25. DAC Plus Amplifier Combine to Produce Four 
Quadrant Multiplication 

In order to simplify use with a controlling microprocessor, a 
simple layout-efficient three-wire serial-data-interface was cho- 
sen. This interface can be easily adapted to almost all microcom- 
puter and microprocessor systems. A clock (CLK), serial data 
input (SDI) and a load (LD) strobe pin make up the three-wire 
interface. The 12-bit input data word used to change the value 
of the internal DAC registers contains a 4-bit address and 8 bits 
of data. Using this word combination any DAC register can be 
changed at a given time without disturbing the other channels. 

A serial data output SDO pin simplifies cascading multiple 
DAC-8840s without adding address decoder chips to the system. 


During system power up a logic low on the preset PR pin forces 
all DAC registers to 80 H which in turn forces all the buffer _ 
amplifier outputs to zero volts. This asynchronous input pin PR 
can be activated at any time to force the DAC registers to the 
half-scale code 80 H . This is generally the most convenient place 
to start general purpose adjustment procedures. 

ADJUSTING AC OR DC SIGNAL LEVELS 

The four quadrant multiplication operation of the DAC-8840 is 
shown in Figure 25. For dc operation the equation describing 
the relationship between V IN , digital inputs and V oux is: 

VWD ) = (D/128 - 1) x V JN (1) 

where D is a decimal number between 0 and 255. 

The actual output voltages generated with a fixed 3V dc input 
applied to V IN are summarized in this table. 



Notice that the output polarity is the same as the input polarity 
when the DAC register is loaded with 255 (in binary = all 
ones). Also note that the output does not exactly equal the input 
voltage. This is a result of the R-2R ladder DAC architecture 
chosen. When the DAC register is loaded with 0, the output 
polarity is inverted and exactly equals the magnitude of the 
input voltage V IN . The actual voltage measured when setting up 
a DAC in this example will vary within the ± 1 LSB linearity 
error specification of the DAC-8840. The calculated voltage 
error would be ±0.023 V (= ±3 V/128). 



If V IN is an ac signal such as a sine wave then we can use equa- 
tion 2 to describe circuit performance. 


Vqut (hD) = (D/128 - 1) x A sin (u>t) (2) 


where <o = 2 nf, A = sine wave amplitude, and D = decimal 
input code. 


This transfer characteristic Equation 2 lends itself to amplitude 
and phase control of the incoming signal V IN . When the DAC is 
loaded with all zeros, the output sine wave is shifted by 180° 
with respect to the input sine wave. This powerful multiplying 
capability can be used for a wide variety of modulation, wave- 
form adjustment and amplitude control. 
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DAC-8840 

REFERENCE INPUTS (V, N A, B, C, D, E, F, G, H) 

The eight independent V IN inputs have a code dependent input 
resistance whose worst case minimum value 3 kO is specified in 
the electrical characteristics table. The graph (Figure 5) titled 
“Reference Input Current versus Code” shown in the typical 
performance characteristics section displays the incremental 
changes. Use a suitable amplifier capable of driving this input 
resistance in parallel with the specified 19 pF typical input 
capacitance. These reference inputs are designed to receive not 
only dc, but ac input voltages. This results from the incorpora- 
tion of a true bilateral analog switch in the DAC design (see 
Figure 24). The DAC switch operation has been designed to 
operate in the break-before-make format to minimize transient 
loading of the inputs. The reference input voltage range can 
operate from near the negative supply (V ss ) to within 2 V of the 
positive supply (V DP ). That is, the operating input voltage 
range is: 

+ 0.5 V < V IN X < (V dd -2 V) (3) 

DAC OUTPUTS (VouxA, B, C, D, E, F, G, H) 

The eight D/A converter outputs are fully buffered by the DAC- 
8840’ s internal amplifier. This amplifier is designed to drive up 
to 1 kH loads in parallel with 100 pF. However, in order to 
minimize internal device power consumption, it is recommended 
whenever possible to use larger values of load resistance. The 
amplifier output stage can handle shorts to GND; however, care 
should be taken to avoid continuous short circuit operation. 

The low output impedance of the buffers minimizes crosstalk 
between analog input channels. A graph (Figure 9) of analog 
crosstalk between channels is provided in the typical perfor- 
mance characteristics section. At 1 MHz, 72 dB of channel-to- 
channel isolation exists. It is recommended to use good circuit 
layout practice such as guard traces between analog channels 
and power supply bypass capacitors. A 0.01 jxF ceramic in par- 
allel with a 1-10 p,F tantulum capacitor provides a good power 
supply bypass for most frequencies encountered. 

DIGITAL INTERFACING _ 

The four digital input pins (CLK, SDI, LD, PR) of the DAC- 
8840 were designed for TTL and 5 V CMOS logic compatibil- 
ity. The SDO output pin offers good fanout in CMOS logic 
applications and can easily drive several DAC-8840s. 

The Logic Control input Truth Table II describes how to shift 
data into the internal 12-bit serial input register. Note that the 
CLK is a positive edge sensitive input. If mechanical switches 
are used for breadboarding product evaluation, they should be 
debounced by a flipflop or other suitable means. 

The required address plus data input format is defined in the 
serial input decode Table I. Note there are 8 address states that 
result in no operation (NOP) or activity in the DAC-8840 when 
the active high load strobe LD is activated. This NOP can be 
used in cascaded applications where only one DAC out of sev- 
eral packages needs updating. The packages not requiring data 
changes would receive the NOP address, that is, all zeros. It 
takes 12 clocks on the CLK pin to fully load the serial input 
shift register. Data on the SDI input pin is subject to the timing 
diagram (Figure 1) data setup and data hold time requirements. 
After the twelfth clock pulse the processor needs to activate the 
LD strobe to have the DAC-8840 decode the serial register con- 
tents and update the target DAC register with the 8-bit data 


word. This needs to be done before the thirteenth positive clock 
edge. The timing requirements are provided in the electrical 
characteristic table and in the Figure 1 timing diagram. After 
twelve clock edges, data initially loaded into the shift register at 
SDI appears at the shift register output SDO. 

There is some digital feedthrough from the digital input pins. 
Operating the clock only when the DAC registers require updat- 
ing minimizes the effect of the digital feedthrough on the analog 
signal channels. Measurements of DAC switch feedthrough 
shown in the electrical characteristics table were accomplished 
by grounding the V IN X inputs and cycling the data codes 
between all zeros and all ones. Under this condition 6 nVs of 
feedthrough was measured on the output of the switched DAC 
channel. An adjacent channel measured less than 1 nVs of digi- 
tal crosstalk. The digital feedthrough photographs shown in the 
typical performance characteristics section displays these 
characteristics (Figures 14, 15, and 16). 

Figure 26 shows a three-wire interface for a single DAC-8840 
that easily cascades for multiple packages. 



Figure 26. Three-Wire Interface Updates Multiple 
DAC-8840S 
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ANALOG 

DEVICES 


8-Bit Octal, 2-Quadrant 
Multiplying, CMOS TrimDAC 


DAC-8841 


FEATURES 

Replaces 8 Potentiometers 

Operates From Single +5 V Supply 

1 MHz 2-Quadrant Multiplying Bandwidth 

No Signal Inversion 

Eight Individual Channels 

3-Wire Serial Input 

500 kHz Update Data Loading Rate 

+3 Volt Output Swing 

Midscale Preset 

Low 95 mW Power Dissipation 

APPLICATIONS 

Trimmer Replacement 

Dynamic Level Adjustment 

Special Waveform Generation and Modulation 

Programmable Gain Amplifiers 

GENERAL DESCRIPTION 

The DAC-8841 provides eight general purpose digitally controlled 
voltage adjustment devices. The TrimDAC™ capability replaces 
the mechanical trimmer function in new designs. It is ideal for 
ac or dc gain control of up to 1 MHz bandwidth signals. 

Internally the DAC-8841 contains eight voltage output CMOS 
digital-to-analog converters, each with separate reference inputs. 
Each DAC has its own DAC register which holds its output 
state. These DAC registers are updated from an internal serial- 
to-parallel shift register which is loaded from a standard 3-wire 
serial input digital interface. Twelve data bits make up the data 
word clocked into the serial input register. This data word is 
decoded where the first 4 bits determine the address of the DAC 
register to be loaded with the last 8 bits of data. A serial data 
output pin at the opposite end of the serial register allows sim- 
ple daisy-chaining in multiple DAC applications without addi- 
tional external decoding logic. 



The DAC-8841 consumes only 95 mW from a +5 V power sup- 
ply. For dual polarity applications see the DAC-8840 which pro- 
vides full 4-quadrant-multiplying ±3 V signal capability while 
operating from ±5 V power supplies. 

The DAC-8841 is available in 24-pin plastic DIP, cerdip, and 
SOIC-24 packages. For MIL-STD/883 applications, contact 
ADI sales for the DAC-8841BW/883 data sheet which specifies 
operation over -55°C to + 125°C. 


TrimDAC is a trademark of Analog Devices, Inc. 
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DAC-8841 -SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS 8841 F, unless otherwise noted. 


0Y f T a = -40°C to +85°C apply for DAC- 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

STATIC ACCURACY 


All Specifications Apply for DACs A, B, C, 

D, E, F, G, H 





Resolution 

N 


8 



Bits 

Integral Nonlinearity 

INL 

Note 1 


±1/2 

±1.5 

LSB 

Differential Nonlinearity 

DNL 

All Devices Monotonic, Note 1 



±1 

LSB 

Half-Scale Output Voltage 

Vhs 

PR = 0 V, Sets D = 80 h 

1.475 

1.500 

1.525 

V 

Zero-Scale Output Voltage 

V ZS 

Digital Code = 00 H 


20 

100 

mV 

Output Voltage Drift 

TCVhs 

PR = 0 V, SetsD = 80 h 


10 


(xV/°C 

SIGNAL INPUTS 


Applies to All Inputs V IN X or Vr^L 





Input Voltage Range 

IVR 


0 


1.5 

V 

Input Resistance 

Rin 

D = 55 h ; Code Dependent 

4 

10 


kn 

Input Capacitance 

On 

Code Dependent 


19 

30 

pF 

REF Low Resistance 

RrefL 

D = AB h ; Code Dependent 

0.3 

0.75 


kn 

REF Low Capacitance 

CrefL 

Code Dependent 


190 

250 

pF 

DAC OUTPUTS 


Applies to All Outputs V OUT X 





Voltage Range 

OVR 

r l = io kn 

0 


3 

V 

Output Current 

loUT 

AV out < 25 mV, V IN X = 1.375V, PR = 0 V 

±5 

7 


mA 

Capacitive Load 


No Oscillation 



200 

pF 

DYNAMIC PERFORMANCE 


Applies to All DACs 





Multiplying Gain Bandwidth 

GBW 

V IN X = 100 mVp-p+l.OV dc 

1 

2.5 


MHz 

Slew Rate 

+SR 

Measured 10% to 90% 

A V OUT X = +3 V 

1.3 

4.0 


V/|xs 


-SR 

AV out X = -3 V 

L3 

2.5 


V/jJLS 

Total Harmonic Distortion 

THD 

V IN X = 1 V p-p + 1.0 V dc, D = FF Hj f = 1 kHz, 
f LP = 80 kHz 


0.01 


% 

Spot Noise Voltage 

e N 

f = 1 kHz 


0.17 


pV/VHz 

Output Settling Time 

*s 

± 1 LSB Error Band, 8 10 to 255 10 


3.5 

6 

|XS 

Channel to Channel Crosstalk 

Or 

Measured Between Adjacent Channels, f = 100 kHz 

60 

70 


dB 

Digital Feedthrough 

Q 

VrefL = +1.5 V, D = 0 to FF h 


6 


nVs 

POWER SUPPLIES 







Positive Supply Current 

f DD 

PR = 0V 


19 

26 

mA 

Power Dissipation 

Pdiss 



95 

130 

mW 

DC Power Supply Rejection Ratio 

PSRR 

PR = 0 V 



0.01 

%/% 

Power Supply Range 

PSR 

v DD 

4.75 

5.00 

5.25 

V 

DIGITAL INPUTS 







Logic High 

V IH 


2.4 



V 

Logic Low 

v IL 




0.8 

V 

Input Current 

II 




±10 

|iA 

Input Capacitance 

Input Coding 

Ql 



Binary 

8 

pF 

DIGITAL OUTPUT 







Logic High 

VoH 

I OH = 0.4 mA 

3.5 



V 

Logic Low 

v OL 

Iql = 1-6 mA 



0.4 

V 

TIMING SPECIFICATIONS 







Input Clock Pulse Width 

tcHJ tcL 


80 



ns 

Data Setup Time 

*DS 


40 



ns 

Data Hold Time 

*DH 


20 



ns 

CLK to SDO Propagation Delay 

tpD 




120 

ns 

DAC Register Load Pulse Width 

tLD 


70 



ns 

Preset Pulse Width 

tpR 


50 



ns 

Clock Edge to Load Time 

tcKLD 


30 



ns 

Load Edge to Next Clock Edge 

^LDCK 


60 



ns 


NOTE 

J INL and DNL tests do not include operation at codes 0 thru 7 due to zero-scale output voltage. For bias voltages above 100 mV on V REF L, INL and DNL are 
maintained over all codes. 

Specifications subject to change without notice. 
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DAC-8841 


WAFER TEST LIMITS: V DD = +5 V, All V in X = +1.5 V, V ref L = O V, T, = 2S°C, unless otherwise noted. 


Parameter 

Symbol 

Conditions 

DAC-8841GBC 

Limits 

Units 

Integral Nonlinearity 

INL 

Note 1 

±1.5 

LSB max 

Differential Nonlinearity 

DNL 

All Devices Monotonic, Note 1 

±1 

LSB max 

Half-Scale Output Voltage 

Vhs 

PR = 0 V, Sets D = 80„ 

1.475/1.525 

V min/max 

Input Resistance (V IN X) 

R-IN 

D = 55 h ; Code Dependent 

4 

kfl min 

REF Low Resistance 

r ref l 

D = AB h ; Code Dependent 

0.3 

kl 1 min 

DAC Output Voltage Range 

OVR 

R l = 10 kfl 

3 

V min 

DAC Output Current 

loUT 

AV OUT < 25 mV 

±5 

mA min 

Slew Rate 


Measured 10% to 90% 



Positive 

SR+ 

AVoutX = +3 V 

1.3 

V/|xs min 

Negative 

SR- 

AV out X = -3 V 

1.3 

V/|xs min 

Positive Supply Current 

Idd 

PR = 0 V 

26 

mA max 

DC Power Supply Rejection Ratio 

PSRR 

PR = 0 V, AV dd = ±5% 

0.01 

%/% max 

Logic Input High 

v IH 


2.4 

V min 

Logic Input Low 

V IL 


0.8 

V max 

Logic Input Current 

II 


±10 

|xA max 

Logic Output High 

Vqh 

Iqh = 0.4 m A 

3.5 

V min 

Logic Output Low 

v OL 

I OL = 1.6 mA 

0.4 

V max 


NOTE 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 



DEJAIL SERIAL DATA INPUT TIMING 
(PR = “VV IN = 1.5V,V REF L = 0V) 



v out< ff h> 

Vqut^h) 



Figure 1. Timing Diagram 
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DAC-8841 


ABSOLUTE MAXIMUM RATINGS 

(T a = +25°C, unless otherwise noted) 

V DD to GND -0.3 V, +7 V 

V IN X to GND V DD 

VrefL to GND V DD 

VourXtoGND V DD 

Short Circuit I 0 ut x t0 GND Continuous 

Digital Input & Output Voltage to GND V DD 

Operating Temperature Range 

Extended Industrial: DAC-8841F -40°C to +85°C 


PIN CONFIGURATIONS 


v outC |7 

v out b E 

v out a E 
V,n b E 
v in a E 

= L E 


Maximum Junction Temperature (Tj max) 

+150°C 

PR 

Storage Temperature 

. . — 65°C to + 150°C 

Lead Temperature (Soldering, 10 sec) . . . 

+300°C 

v i nE 

Package Power Dissipation 

• (T, Max - T a )/8 ja 


Thermal Resistance 0 JA 

Cerdip 

64°C/W 

VqutE 

P-DIP 

57°C/W 

VqutP 

SOIC-24 

70°C/W 

v out g 


E Qo 

F El 

G [t2 


DAC-8841 


TOP VIEW 
(Not to Scale) 


v OUT d 

lv 1N c 

H V IN° 
13 V DD 
2t)J SDI 

Ti] GND 

Te] sdo 

17] CLK 
ie] LD 
1 V ,N H 

i3 v in g 

is] v oux h 


DAC-8841 PIN DESCRIPTION 


Pin 

Mnemonic 

Description 

1 

VoutC 

DAC C Output 

2 

VoutB 

DAC B Output 

3 

VoutA 

DAC A Output 

4 

v, n b 

DAC B Reference Input 

5 

v in a 

DAC A Reference Input 

6 

V ReF L 

DAC Input Reference Low 

7 

PR 

Preset Input, Active Low, All DAC Registers 
= 80„ 

8 

v 1n e 

DAC E Reference Input 

9 

V W F 

DAC F Reference Input 

10 

VouxE 

DAC E Output 

11 

VoutF 

DAC F Output 

12 

VoutG 

DAC G Output 

13 

VoutH 

DAC H Output 

14 

V^G 

DAC G Reference Input 

15 

VinH 

DAC H Reference Input 

16 

LD 

Load DAC Register Strobe, Active High Input 
that Transfers the Data Bits from the Serial 
Input Register into the Decoded DAC 

Register. See Table 1 

17 

CLK 

Serial Clock Input, Positive Edge Triggered 

18 

SDO 

Serial Data Output, Active Totem Pole Output 

19 

GND 

Ground 

20 

SDI 

Serial Data Input 

21 

Voo 

Positive 5 V Power Supply 

22 

v in d 

DAC D Reference Input 

23 

V| N C 

DAC C Reference Input 

24 

VourD 

DAC D Output 


DICE CHARACTERISTICS 

DIE SIZE 0.117 x 0.185 inch, 21,645 sq. mils 
(2.9718 x 4.699 mm, 13.964 sq. mm) 

The die backside is electrically common to V DD . 



1. V OOT C 

13. VoutH 

2- V oot B 

14. V in G 

3* V OUT A 

15. V 1N H 

4. v in b 

16. LD 

5-V«A 

17. CLK 

6. Vo«L 

18. SDO 

7. PR 

19. GND 

8. V 1N E 

20. SDI 

9. V 1N F 

21. Vo„ 

10. V out E 

22. V 1N D 

11. VoutF 

23. V 1N C 

12. VoutC 

24. VourD 


CAUTION 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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ORDERING GUIDE 


DAC-8841 


Model 

Temperature Range 

Package Option 

DAC8841FP 

-40°C to +85°C 

Plastic DIP 

DAC8841FW 

-40°C to +85°C 

Cerdip 

DAC8841FS 

-40°C to +85°C 

SOIC 

DAC8841GBC 

-25°C 

Dice 


For devices processed in total compliance to MIL-STD 883, contact 
your local sales office for the DAC8841BW/883 data sheet. 


Table I. Serial Input Decode Table 


LAST ► FIRST 



Table II. Logic Control Input Truth Table 


SDI 

CLK 

LD 

PR 

Input Shift Register Operation 

X 

L 

L 

H 

No Operation 

X 


L 

H 

Shift One Bit In from SDI (Pin 20), 
Shift One Bit* Out from SDO (Pin 18) 

X 

X 

L 

L 

All DAC Registers = 80 H 

X 

L 

H 

H 

Load Serial Register Data into 

DAC(X) Register 


*Data shifted into the SDI pin appears twelve clocks later at the SDO pin. 
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V 0 UT "Volts 


DAC-8841 —Typical Performance Characteristics 



Figure 2. Linearity Error vs. Digital Figure 3. Linearity Error vs. Digital Figure 4. Half Scale vs. Temperature 

Input Code Code vs. Temperature 



DIGITAL INPUT CODE - Decimal FREQUENCY - Hz TEMPERATURE - °C 


Figure 5. I REF L Input Current vs. Figure 6. Total Harmonic Distortion Figure 7. V OUT Slew Rate vs. 

Digital Code vs. Frequency Temperature 



V, N -Volts V OUT X - mV FREQUENCY -Hz 


Figure 8. Full-Scale Output to Figure 9. Zero-Scale Output Detail Figure 10. Voltage Noise Density vs. 

Positive Saturation Frequency 
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DAC-8841 



Figure 7 7. Pulse Response 
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DIGITAL CODE = 128 -127 


Figure 13. Worst Case 7 LSB Digital Step Change 



DIGITAL CODE = 255 - 8 - 255 


Figure 12. Settling Time 



TEMPERATURE - °C 


Figure 14. Supply Current vs. Temperature 



Figure 15. PSRR vs. Frequency 


Figure 16. DAC Output Current 
vs. VqutX 


Figure 1 7. Output Drift Delta 
Accelerated by Burn-In 
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DAC-8841 

CIRCUIT OPERATION 

The DAC-8841 is a general purpose multiple-channel ac or dc 
signal level adjustment device designed to replace potentiometers 
used in the three-terminal connection mode. Eight independent 
channels of programmable signal level control are available in 
this 24-pin package device. The outputs are completely buffered 
providing up to 5 mA of drive current to drive external loads. 
The DAC and amplifier combination shown in Figure 18 pro- 
duces two-quadrant multiplication of the signal inputs applied to 
V IN times the digital input control word. In addition the DAC- 
8841 provides a 1 MHz gain-bandwidth product in the two- 
quadrant multiplying channel. Operating from a 5 V power 
supply, analog inputs to +1.5 V which generate outputs to 
+ 3 V are easily accommodated. 



v 0U t = 2 x v DAC when v ref l = ov 

= 2 (D/256) x V |N 
= (D/128) x V |N 

GENERAL CASE WHEN V REF L * OV: 

Vqut = (D/128) x (V, N - Vref L) + V REF L 


DAC8841 INPUT-OUTPUT VOLTAGE RANGE 



0 Wii i i n I n 1 1 1 

0 2 4 

V, N - Volts 

Vqut = 2 x V, N (D/256), WHERE D = 0 TO 255 


Figure 18. DAC Plus Amplifier Combine to Produce Two- 
Quadrant Multiplication 

In order to be easy to use with a controlling microprocessor, a 
simple layout-efficient three-wire serial data interface was cho- 
sen. This interface can be easily adapted to almost all microcom- 
puter and microprocessor systems. A clock (CLK), serial data 
input (SDI) and a load (LD) strobe pin make up the three-wire 
interface. The 12-bit input data word used to change the value 
of the internal DAC registers contains a 4-bit address and 8-bits 
of data. Using this combination, any DAC register can be 
changed without disturbing the other devices. A serial data out- 
put (SDO) pin simplifies cascading multiple DAC-8841s without 
adding address decoder chips to the system. 


During system power up a logic low on the preset PR pin forces 
all DAC registers to 80 H which in turn forces all the buffer am- 
plifier outputs to equal half-scale. The transfer equation (1) 
shows that in the preset condition (80 H ) that V oux will equal 
V IN . The asynchronous PR input pin can be activated at any 
time to force the DAC registers to the half-scale code 80 H . This 
is generally the most convenient place to start for general pur- 
pose adjustment applications. 

ADJUSTING AC OR DC SIGNAL LEVELS 

The two-quadrant multiplication operation of the DAC-8841 is 
shown in Figure 18. For dc operation the equation describing 
the relationship between V IN , digital inputs and Vqut i s: 

Vout(D) = (D/128) x (V lN - VrefL) + V m L (1) 
where D is a decimal number between 0 and 255. 

The actual output voltages generated with a fixed 1.5 V dc input 
on V IN and V REF L = 0 V are summarized in this table. 


Decimal Input (D) 

V OU t(I>) 

Comments 

(V IN = 1.5 V, V ref L = 0 V) 

0 

0.000 V* 

Zero Scale 

1 

0.012* 


2 

0.024* 


127 

1.488 


128 

1.500 

Half Scale = V IN 

129 

1.512 


254 

2.976 


255 

2.988 

Full Scale 
(FS) - 2 x V IN 


*See “Operation Near Ground.” 


Notice that the output polarity is the same as the input polarity 
when the DAC register is loaded with 255 (in binary = all 
ones). Also note that the output does not exactly equal two 
times the input voltage. This is a result of the R-2R ladder DAC 
chosen. When the DAC register is loaded with 0, the output is 
V ref L. The actual voltage measured when setting up a DAC in 
this example will vary within the ± 1 LSB linearity error specifi- 
cation of the DAC-8841. The actual voltage error would be 
±0.012 V. 

Operation Near ground - The input stage of the internal buffer 
amplifier functions down to ground, but the output stage cannot 
pull lower than the internal ground voltage. When a DAC out- 
put tries to output a voltage at or below the internal ground po- 
tential, it saturates and appears like a 50 ft resistor to ground. 
The typical saturation voltage appearing at the output is 20 mV, 
see Figure 9. The 100 mV worst case zero-scale voltage specifi- 
cation reflects this saturation effect, including the worst case 
anticipated variation of the internal ground resistances, quies- 
cent currents and buffer sinking current. Linearity is measured 
between code 8 10 and code 255 10 to avoid this saturation effect. 
In summary, the transfer function of each DAC will be a 
straight line from code 8 to code 255 when V REF L = 0 V. For 
input codes 0 to 7, some DAC outputs will be saturated in the 
zero-scale output voltage region; therefore, changing digital code 
0 to 1 may not change the output voltage when V REF L = 0 V. 
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SIGNAL INPUTS (V IN A, B, C, D, E, F, G, H) 

The eight independent V IN inputs have a code dependent input 
resistance whose worst case minimum value is specified in the 
electrical characteristics table. Use a suitable amplifier capable of 
driving this input resistance in parallel with the specified input 
capacitance. These reference inputs are designed to receive not 
only dc, but ac input voltages. This results from the incorpora- 
tion of a true bilateral analog switch in the DAC design, see 
Figure 19. The DAC switch operation has been designed to op- 
erate in the break-before-make format to minimize transient 
loading of the inputs. The reference input voltage range can op- 
erate from ground (GND) to 1.5 V. That is, the operating input 
voltage range, when V REF L = 0 V, is: 

0 V < V IN X < 1.5 V (2) 



Figure 19. DAC-8841 TrimDAC Equivalent Circuit 
(One Channel) 

The reference inputs can withstand input voltages up to V DD ; 
however due to the internal amplifier’s gain of two configura- 
tion, the output voltage of the circuit reaches its maximum spec- 
ified value of 3 V when the input voltage equals 1.5 V and 
V REF L = 0 V; see Figure 18. 

The reference low input V REF L is the bottom end of the DAC 
(see Figure 18). This input is normally tied to ground; however 
it can be biased above ground. When V REF L is biased above 
ground, its value and that of V IN X should be chosen in agree- 
ment with Equation 3. 

Vour — V dd ~ 2 V (3) 

Also for the general case the headroom restriction to V DD for 
Vj N X and V REF L is given by Equation 4. 

V IN X , , V ref L ^V dd -2V (4) 

According to the above equations, the DAC-8841 can only be 
operated under certain combinations of V IN X and V REF L. The 
shaded area in Figure 20 defines the theoretical allowable ranges 
of operation. Note that V REF L can be biased higher than V IN X. 
Linearity will vary with the reference voltages and supply condi- 
tions. If a symmetrical output ac signal is desired, then the sym- 
metrical ac input on V IN X should be offset to V REF L. The 
output signal will then be with respect to V REF L. 



0 12 3 4 

V REF L -Volts 


Figure 20. DAC-8841 Input Voltage Operating Boundaries 

For example, biasing V REF L equal to one volt would accept a 
1 V p-p ac input signal on V IN . This input signal could then be 
attenuated or given a gain-of-two depending on the DAC data 
setting. 


DAC OUTPUTS (V OUT A, B, C, D, E, F, G, H) 

The eight D/A converter outputs are fully buffered by the DAC- 
8841 s internal amplifier. This amplifier is designed to drive up 
to 1 kD loads in parallel with 200 pF. However in order to min- 
imize internal device power consumption, it is recommended 
whenever possible to use larger values of load resistance. The 
amplifier output stage can handle shorts to GND; however, care 
should be taken to avoid continuous short circuit operation. See 
Figure 16 “DAC output current versus V oux X” graph. 

The amplifier output is guaranteed to operate to within 2 V of 
V DD under all load conditions and temperature. Figure 8 shows 
typical operation to positive output saturation with a 5 mA load. 

The low output impedance of the buffers minimizes crosstalk 
between analog input channels. At 100 kHz 70 dB of channel- 
to-channel isolation exists. It is recommended to use good cir- 
cuit layout practice such as guard traces between analog 
channels and power supply bypass capacitors. A 0.01 jjlF ce- 
ramic in parallel with a 1-10 jaF tantulum capacitor provides a 
good power supply bypass for most frequencies encountered. 

DIGITAL INTERFACING 

The four digital input pins (CLK, SDI, LD, PR) of the DAC- 
8841 were designed for TTL and 5 V CMOS logic compatibil- 
ity. The SDO output pin offers good fanout in CMOS logic 
applications and can easily drive several DAC-8841s. 

The Logic Control Input Truth Table II describes how to shift 
data into the internal 12-bit serial input register. Note that the 
CLK is a positive edge-sensitive input. If mechanical switches 
are used for breadboard, product evaluation they should be de- 
bounced by a flipflop or other suitable means. 

The required address plus data input format is defined in the 
Serial Input Decode Table I. Note there are 8 address states 
that result in no operation (NOP) or activity in the DAC-8841, 
when the active high load strobe LD is activated. This NOP can 
be used in cascaded applications where only one DAC out of 
several packages needs updating. It takes 12 clocks on the CLK 
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DAC-8841 

pin to fully load the serial input shift register. Data on the SDI 
input pin is subject to the timing diagram (Figure 1) data setup 
and data hold time requirements. After the twelfth clock pulse, 
the processor needs to activate the LD strobe to have the DAC- 
8841 decode the serial register contents and update the target 
DAC register with the 8-bit data word. This needs to be done 
before the thirteenth positive clock edge. The timing require- 
ments are in the electrical characteristic table and in the Figure 
1 timing diagram. After twelve clock edges data initially loaded 
into the shift register at SDI appears at the shift register output 
SDO. 

There is some digital feedthrough from the digital input pins. 
Operating the clock only when the DAC registers require updat- 
ing minimizes the effect of the digital feedthrough on the analog 
signal channels. 

Figure 21 shows a three-wire interface for a single DAC-8841 
that easily cascades for multiple packages. 




Figure 22. Gain (V OU7 A/ IN ) and Feedthrough vs. Frequency 
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Instruction 


Internal 

Internal 

Internal 








Cycle 

Off-Chip 

Program 

Data 

Program 

Program 



Low 




Time 

Harvard 

Memory 

Memory 

Cache 

Memory 

Serial 

Programmable 

Ext Power 

Pin 


Model 

ns 

Arch 

RAM 

RAM 

Word 

Boot 

Ports 

Timer 

Interrupts Modes 

Count 

Page 

ADSP2100A 

80 

4 



16 x 24 




4 

100 

9-13 

ADSP-2101 

60 


2K x 24 

IK x 16 


4 

2 

4 

3 1 

68 

9-17 

ADSP-2105 

100 


IK x 24 

0.5K x 16 


4 

1 

4 

3 1 

68 

9-23 

ADSP-2111 

60 


2K x 24 

IK x 16 


4 

2 

4 

3 1 

100 

9-29 


32/40-Bit Floating Point 

ADSP-21020 40 yj 32 x 48 4 1 223 9-33 



n ANALOG 


U DEVICES 

In-Circuit Emulator 


ADDS-21 OOA-ICE 


FEATURES 

Interfaces to IBM PC Host via RS-232 Interface, at up 
to 57600 Baud 

Emulates 80 ns ADSP-2100A at Full Speed 
User Interface Similar to Simulators 
Custom Window Configuration and Command Aliasing 
Standalone Operation Allows Software Debugging 
Before Hardware Prototype 

Assembly and Disassembly of ADSP-2100A Instructions 
Single-Step as Well as Full-Speed Operation 
Overlay RAM Can Replace Target System Memory 
Trace Buffer Stores Up to 8K Frames of ADSP-2100A 
Activity 

Supports Software Breakpoints and Break Expressions 
Hardware Break and/or Trace Triggering on an Exten- 
sive Set of Bus Conditions 
Static User Control of Selected ADSP-2100A Inputs 
Software Support for Industry-Standard Mouse 
Optional Logic Module Probes Allow Tracing of 
Additional Signals 

Optional Probe-to-Target Umbilical Cord Facilitates 
Debug and Testing Work 

GENERAL DESCRIPTION 

The ADSP-2100A Emulator is a hardware development tool that 
provides a controlled environment for observing, debugging, 
and testing activities in a target system. The emulator provides 
this control by replacing the target ADSP-2100A processor. 
While running at full speed, the emulator behaves like the pro- 
cessor in the target system. The emulator can monitor and 
record system behavior and lets you examine and alter memory 
locations as well as processor registers. Hardware events can be 
detected and used to trigger tracing. 

The ADSP-2100A Emulator uses an emulator chassis manufac- 
tured by Microtek, Inc. The emulator consists of a control pro- 
cessor (CPj board, two real-time analyzer (RTA) boards, an 
ADSP-2100A personality board, and an ADSP-2100A in-circuit 
probe. 

The emulator is operated through an IBM PC host computer. 
The interface software provided with the emulator is similar to 
the simulator of the ADSP-2100 Family Development Software. 



TRACE SAMPLING RATE 

Trace sampling occurs at the ADSP-2100A instruction rate, up 
to 12.5 MHz. 


TRACE BUFFER SIZE 

The trace memory buffer stores up to 8 K x 144-bit frames of 
ADSP-2100A activity. Buffer data may be window displayed or 
written to a file. 

OVERLAY RAM 

Overlay RAM can replace program memory and/or data memory 
in the target system. Data memory space may be overlaid in 
IK- word blocks. Program memory space may be overlaid in 2K- 
word blocks. 

Overlay RAM size is equal to the ADSP-2100A’s memory space. 
This includes 16K x 24-bit program memory and 16K x 16-bit 
data memory. 

HARDWARE EVENT DETECT (TRIGGER) 

Hardware events may be detected and used to break execution, 
start or stop tracing, or assert an instrumentation synchroniza- 
tion pulse. Break and/or trace triggering is possible on up to 8 
bus condition sequences. Bus conditions and other signals may 
be logically combined to create more complex events. 
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ANALOG 

DEVICES 


EZ-Tools Hardware Dev elopment Tools 

ADDS-2101-EZ 


FEATURES 

EZ-Tools Support Prototyping, Development and 
Debugging of ADSP-2101 and ADSP-2105 Systems 

ADSP-2101 EZ-ICE™ IN-CIRCUIT EMULATOR 
3.3" x 3.3" Surface-Mount Board with RS-232 Port 
Plugs Directly into ADSP-2101 Socket on Target Board 
Full Speed Emulation 
Single Step Capability 
Sixteen Breakpoints 
Memory Upload/Download with a PC 
Examine and Alter Registers, Program Memory and 
Data Memory 

8 K x 24-Bit High Speed Program/Data Overlay 
Memory 

12.288 MHz Oscillator, Socketed for Easy Change of 
Clock Speed 

Memory Map (MMAP) Pin Control 
Standalone Operation for Software Debugging without 
Target Board 

Easy to Learn Menus and Displays 

ADSP-2101 EZ-LAB™ DEMONSTRATION BOARD 
12.5 MHz ADSP-2101 Microcomputer 
64 K x 8-Bit Boot EPROM Preprogrammed with 
Demonstrations 

Voice I/O Port with Microphone Input Jack and 
Speaker Output Jack 

Four-Channel, 8-Bit Digital-to-Analog Converter (DAC) 
Port 

Bus Expansion Connector Allows Additional I/O and 
Full Memory Expansion 

Serial Port Expansion Available through SPORT 
Connector 

12.288 MHz Crystal, Replaceable with Different Speed 
Crystals 

Three Switches for User Control: Interrupt IRQ2, Flag 
In and Reset 

ADSP-2101 EZ-KIT STARTER PACKAGE 
EZ-LAB Demonstration Board 
Cross-Software (Assembler and Simulator) 

DSP Textbook 

Applications Handbook with Example Programs on 
Disk 

Training Workshop Discount Coupon 



GENERAL DESCRIPTION 

The ADSP-2101 EZ-Tools support the prototyping, develop- 
ment and debugging in hardware of applications based on the 
ADSP-2101 or ADSP-2105 microcomputer. 

EZ-ICE is a compact, easy-to-use in-circuit emulator for debug- 
ging code and testing ADSP-2101 or ADSP-2105 based systems. 
EZ-ICE consists of a board and an RS-232 cable. It is operated 
through a VT 100-type terminal or through a PC running a ter- 
minal emulation program. The user interface is provided by an 
on-board microcontroller-based monitor. 

EZ-LAB is a low cost evaluation and demonstration board for 
the ADSP-2101 DSP microcomputer. It allows you to test coded 
digital signal processing applications on the ADSP-2101. EZ- 
LAB comes equipped with an EPROM device containing 
prepared demonstrations, including speech and graphics applica- 
tions. You can replace this EPROM with one containing your 
own programs. Upon reset, the processor reads in the contents 
of the EPROM, stores the code in its internal program memory, 
and begins execution. 

EZ-Kit is a starter package consisting of: 

• an ADSP-2101 EZ-LAB demonstration board, 

• ADSP-2101 software development tools for the IBM* PC, 
including assembler and simulator, 

• Digital Signal Processing in VLSI , a 575 page digital signal 
processing textbook featuring the ADSP-2100 family, 

• a book of example applications with source code provided on 
disk, and 

• a discount coupon for the ADSP-2100 processor family train- 
ing workshop. 


EZ-ICE and EZ-LAB are trademarks of Analog Devices, Inc. 

*IBM is a registered trademark of International Business Machines Corp. 
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□ ANALOG 
DEVICES 


In-Circuit Emulator 


ADDS-21 01-ICE 


FEATURES 

Interfaces to IBM-PC Host via RS-232 Interface, at up 
to 57600 Baud 

Emulates 50 MHz ADSP-2101, with 12.5 MHz Instruc- 
tion Rate 

User Interface Similar to ADSP-2101 Simulator 
Custom Window Configuration and Command Aliasing 
Simulator Configuration Files May Be Used 
Standalone Operation Allows Software Debugging 
Before Hardware Prototype 
Assembly and Disassembly of ADSP-2101 Instructions 
Single-Step As Well As Full-Speed Operation 
Overlay RAM Can Replace Target System Memory 
Interface Board Prevents Bus Contention Between 
Probe and Target 

Trace Buffer Stores up to 8K Frames of ADSP-2101 
Activity at Full Speed 

Supports Software Breakpoints and Break Expressions 
Hardware Break and/or Trace Triggering on an 
Extensive Set of Bus Conditions 
Static User Control of Selected ADSP-2101 Inputs 
Software Support for Industry-Standard Mouse 
Optional PGA-PLCC Adaptor 
Optional Logic Module Probes Allow Tracing of 
Additional Signals 

Optional Probe-to-Target Umbilical Cord Facilitates 
Debug and Testing Work 



The ADSP-2101 Emulator user an emulator chassis manufac- 
tured by Microtek, Inc. The emulator consists of a VME-based 
chassis, a control processor (CP) board, two real-time 
analyzer (RTA) boards, an ADSP-2101 personality board, and 
an ADSP-2101 in circuit probe. 

The emulator is operated through an IBM PC host computer. 
The interface software provided with the emulator is similar to 
the software simulator. If you are familiar with the simulator, 
the emulator requires little additional learning. 


GENERAL DESCRIPTION 

The ADSP-2101 Emulator is a hardware development tool that 
provides a controlled environment for observing, debugging, 
and testing activities in a target system. The emulator provides 
this control by replacing the target ADSP-2101 processor. While 
running at full speed, the emulator behaves like the processor in 
the target system. The emulator can monitor and record system 
behavior, and lets you examine and alter memory locations as 
well as processor registers. Hardware events can be detected and 
used to trigger tracing. 
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□ ANALOG 

DEVICES ADSP-21 00 Family Development Software 

ADDS-21XX-SW 


FEATURES 

DSP PROCESSORS SUPPORTED 

ADSP-21 00 

ADSP-2101/2102 

ADSP-21 05/21 06 

ADSP-21 11 

ADSP-21 msp50 

SYSTEM BUILDER 

Architecture Description File Specifies Target 
Hardware 

ASSEMBLER 

C Preprocessor Supports High Level Constructs 
Supports Flexible Macro Processing 
Encourages Modular Code Development 
Provides a Full Range of Diagnostics 

LINKER 

User-Defined Library Support 

Maps Assembler Output to System Memory 

PROM SPLITTER 

Formats ROM Memory Image for Uploading to PROM 
Programmers 

SIMULATORS 

Reconfigurable Windowing Interface 
Full Symbolic Disassembly 
Simulates Hardware Configuration 
Simulates Parallel and Serial Port I/O 
Advanced Debugging Features 
Profiling of Code Execution History 

C COMPILER & RUNTIME LIBRARY 
Allows Development of Applications Software in C 
Language 

Supports In-Line Assembly Code 
Incorporates Optimizing Algorithms 
Produces ROMable Code 
Floating-Point Emulation Support 
Runtime Library with ANSI-Standard and DSP Library 
Functions 

Simplified Interrupt Handling via Library Functions 



GENERAL DESCRIPTION 

The ADSP-2100 Family Development Software is a complete set 
of software design tools which allow the programming of appli- 
cations for this family of DSP microprocessors. The develop- 
ment system includes C and assembly language programming 
tools as well as processor simulators to facilitate software design 
and debug. 

The software development system includes several programs: 
System Builder, Assembler, Linker, PROM Splitter, Simulators 
and C Compiler. Release 3.0 of the software development sys- 
tem runs on the IBM (or IBM-compatible) PC under DOS 3.x, 
SUN3/SUN4 workstations, and VAX VMS. 

The development process begins with the task of defining the 
target system hardware with the use of the system builder tool. 
The system builder generates an architecture description file 
which passes information about the target hardware to the 
linker, simulator, and emulator (if used). 

Code generation is accomplished by writing C and/or assembly 
language source code modules. Each C and assembly module is 
compiled and/or assembled separately. Several modules are then 
linked together to form an executable program. 

The simulator provides windows that display different portions 
of the hardware environment. To replicate the target hardware, 
the simulator configures memory according to the architecture 
description file generated by the system builder, and simulates 
I/O ports according to user-entered commands. This simulation 
allows the user to debug the system and analyze performance 
before committing to a hardware prototype. 
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ANALOG 

DEVICES ADSP-21 000 Family Development Software 

ADDS-210XX-SW 


Supports the ADSP-21 OOO Family of Floating-Point DSP 
Processors 

ASSEMBLER 

High Level Algebraic Syntax 
Extensive Set of Directives 
Supports Macros & Conditional Assembly 
Generates COFF Object Files 

LINKER 

Combines Object and Library Files 
Generates COFF Executable Files 
Maps Assembler Output to Target Hardware 
Generates Memory Map Listing 

ASSEMBLY LIBRARY/LIBRARIAN 

Powerful Set of Arithmetic and DSP Functions 

Callable from Assembly Code 

Can Incorporate User-Defined Routines 

SIMULATOR 

Window-Based Interface 

Pull-Down Menus 

Point-and-Click Mouse Operation 

Full Symbolic Disassembly and On-Line Assembly 

Simulates Memory and Ports 

Flags Illegal Operations 

Breakpoint Capability 


PROM SPLITTER 

Formats Executable File for Programming PROMs or 
Loading Target from a Microcontroller 
Supports Motorola S Record, Intel Extended Hex, etc. 

OPTIMIZING C COMPILER 
ANSI C Compliant 

C-Callable Library of ANSI-Standard and DSP Functions 

Supports In-Line Assembly Code 

Provides FRACT Data Type (1.31 Fixed-Point Format) 

GENERAL DESCRIPTION 

The ADSP-21000 Family Development Software is a set of tools 
for creating and debugging programs for the ADSP-21000 fam- 
ily of floating-point processors. These tools enable you to create, 
test, and debug ADSP-210XX programs. 

The ADSP-21000 Development Software consists of several 
components described in the following sections. 

OPTIMIZING C COMPILER 

The C Compiler reads source files written in ANSI-standard 
C language. The compiler outputs ADSP-21 0XX assembly 
language files and comes with a standard library of C-callable 
routines. 


ADSP-21020 SIMULATOR 
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ADDS-21 OXX-SW 


ASSEMBLER 

The assembler inputs a file of ADSP-210XX source code and 
assembler directives and outputs a relocatable object file. The 
assembler supports standard C preprocessor directives as well as 
its own directives. 

LINKER 

The linker processes separately assembled object and library 
files to create a single executable program. It assigns memory 
locations to code and data in accordance with a user-defined 
architecture file, a text file that describes the memory configura- 
tion of the target system. 

ASSEMBLY LIBRARY/LIBRARIAN 

The assembly library contains standard arithmetic and DSP rou- 
tines that you can call from your program, saving development 
time. You can add your own routines to this library using the 
librarian function. 


PROM SPLITTER 

The PROM splitter translates an ADSP-210XX executable pro- 
gram into one of several formats (Motorola S2 and S3, Intel Hex 
Record, etc.) that can be used to configure a PROM or be 
downloaded to a target from a microcontroller. 

DEVELOPMENT PROCESS 

Figure 1 shows the process of compiling, assembling, linking 
and simulating a program, indicating the input and output of 
each step. File name extensions (.asm, .obj, etc.) signify differ- 
ent types of files. 

MINIMUM PC REQUIREMENTS 

An IBM AT or 286/386-based PC (or compatible) and 640K of 
memory are required. A color monitor, mouse, and at least 2 
MB of extended memory are recommended. 

ORDERING INFORMATION 


SIMULATOR 

The simulator executes an ADSP-210XX program in software in 
the same way that an ADSP-21000 family processor would in 
hardware. The simulator also simulates the memory and I/O 
devices specified in the architecture file. The window-based user 
interface supports a powerful debug environment that allows the 
developer to interactively observe and alter the data in the pro- 
cessor and in memory. Accurate simulation of chip functionality 
is assured. 


Part Number 


Description 


ADDS-210XX-DSW-PC 


Assembler, Linker, Assembly Library/ 
Librarian. PROM Splitter, Simulator 


ADDS-210XX-BUN-PC 


Assembler, Linker, Assembly Library/ 
Librarian, PROM Splitter, Simulator, 
Optimizing C Compiler & Runtime 
Library 


ADDS-210XX-C-UP-PC 


Optimizing C Compiler & Runtime 
Library (Upgrade for Owners of the 
DSW Package) 


SOURCE CODE 


SOURCE CODE 


.C FILES ► ( c COMPILER^ ►.ASM FILES ► ^ASSEMBLER ) 

CODING ENVIRONMENT 


LIBRARY/ 

LIBRARIAN 


, v / 

OBJ FILES ► (LINKER) ►.EXE FILE v 

/ I x 

AFTER DEBUG 

1 

(prom splitter) 

I 

PROM FORMATTED FILES 


(simulator) 


HARDWARE 

DEVELOPMENT 

TOOLS 


DEBUGGING ENVIRONMENT 


Figure 1. Program Development 
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□ ANALOG 

DEVICES 12.5 MIPS DSP Microprocessors 

ADSP-21 00/ADSP-21 00A 


FEATURES 

Pin- and Code-Compatible DSP Microprocessors 
ADSP-21 00, 6.144MHz and 8.192MHz 
ADSP-21 00A, 10.24MHz and 12.5MHz 
Separate Program and Data Buses, Extended Off-Chip 
Single-Cycle Direct Access to 16Kx 16 of Data Memory 
Single-Cycle Direct Access to 32Kx24 of Program 
Memory 

Dual Purpose Program Memory for Both Instruction 
and Data Storage 

Three Independent Computational Units: ALU, 
Multiplier/Accumulator and Barrel Shifter 
Two Independent Data Address Generators 
Powerful Program Sequencer 
Internal Instruction Cache 
Provisions for Multiprecision Computation and 
Saturation Logic 

Single-Cycle Instruction Execution 
Multifunction Instructions 
Four External Interrupts 
80ns Cycle Time (ADSP-21 00A) 

790m W Maximum Power Dissipation (ADSP-21 00A, 

J and K Grades) 

100-Pin Grid Array, 100-Lead PQFP (JEDEC Style), 
100-Lead CQFP 

APPLICATIONS 

Optimized for DSP Algorithms Including 
Digital Filtering 
Fast Fourier Transforms 
Applications Include 
Image Processing 
Radar, Sonar 
Speech Processing 
Telecommunications 

GENERAL DESCRIPTION 

The ADSP-2100 and ADSP-2100A are pin- and code-compatible 
single-chip microprocessors optimized for digital signal processing 
(DSP) and other high-speed numeric processing applications. 

The ADSP-2100 and ADSP-2100A are both fabricated in a low- 
power double-layer metal CMOS process. Together, they offer a 
span of performance from 6MHz to 12.5MHz. All descriptions 
of the ADSP-2100 in the text of this data sheet refer to both the 
ADSP-2100A and the ADSP-2100 versions since they have 
identical architectures and instruction sets. Timing and electrical 
specifications differ as shown in those sections of the data sheet. 

Both processors integrate computational units, data address 
generators and a program sequencer in a single device. The 
ADSP-2100 architecture makes efficient use of external memories 
for program and data storage, freeing silicon area for increased 


FUNCTIONAL BLOCK DIAGRAM 



EXTERNAL 

ADDRESS 

BUSES 


EXTERNAL 

DATA 

BUSES 


processor performance. The resulting processor combines the 
functions and performance of a bit-slice/building block system 
with the ease of design and development support of a general 
purpose microprocessor. 

The ADSP-21 00 A (K grade) operates at 12.5MHz. Every in- 
struction executes in a single 80ns cycle. The ADSP-21 00 A (J 
and K grades) dissipates less than 790mW while the ADSP-2100 
dissipates less than 475mW. 

The ADSP-2 100’s flexible architecture and comprehensive in- 
struction set support a high degree of operational parallelism. 
Because all instructions execute in a single cycle, MHz = MIPS. 
In one cycle the ADSP-2100 can: 

• generate the next program address 

• fetch the next instruction 

• perform one or two data moves 

• update one or two data address pointers 

• perform a computational operation. 

DEVELOPMENT SYSTEM 

The ADSP-2100 and ADSP-2 100A are supported by a complete 
set of tools for software and hardware system development. The 
Development- Software System provides a System Builder for 
defining the architecture of simulated systems under development, 
an Assembler, a Linker and a interactive Simulator. An ANSI 
(draft) Standard C Compiler supports program development in 
this widely used programming language, producing ADSP-2100 
Assembly code which may be assembled, linked and simulated 
with the other development system tools. A PROM Splitter 
generates PROM burner compatible files. An In-Circuit Emulator 
is available for hardware debugging. 
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ADDITIONAL INFORMATION 

For additional information on the architecture and instruction 
set of the processor, refer to the ADSP-2100 User’s Manual. 

For more information about programming and the Development 
System, refer to the ADSP-2100 Family Development Software 
Manual and the ADSP-2100 Emulator Manual. Manuals are 
available only from your local Analog Devices sales office. There 
is also a quarterly newsletter, DSPatch ™, supporting Analog 
Devices’ digital signal processing customers. 


ARCHITECTURE OVERVIEW 

Figure 1 is an overall block diagram of the ADSP-2100. The 
processor contains three independent computational units: the 
ALU, the multiplier/accumulator (MAC) and the Shifter. The 
computational units process 16-bit data directly and have provi- 
sions to support multiprecision computations. The ALU performs 
a standard set of arithmetic and logic operations; division primitives 
are also supported. The MAC performs single-cycle multiply, 
multiply/add and multiply/subtract operations. The Shifter 
performs logical and arithmetic shifts, normalization, denormali- 
zation and derive exponent operations. The Shifter can be used 
to efficiently implement any degree of numeric format control, 
up to and including full floating point representations. The 
computational units are arranged side-by-side instead of serially 


for flexible operation sequencing. The internal result (R) bus 
directly connects the computational units so that the output of 
any unit may be the input of any unit on the next cycle. 

A powerful program sequencer and two dedicated data address 
generators ensure efficient use of these computational units. The 
program sequencer generates the next instruction address. To 
minimize overhead cycles, the sequencer supports conditional 
jumps, subroutine calls and returns in a single cycle. With 
internal loop counters and loop stacks, the ADSP-2100 executes 
looped code with zero overhead; no explicit jump instructions 
are required to maintain the loop. 

The data address generators (DAGs) handle address pointer 
updates. Each DAG keeps track of up to four address pointers. 
Whenever the pointer is used to access external data (indirect 
addressing), it is modified by a prespecified value. A length 
value may be associated with each pointer to implement automatic 
modulo addressing for circular buffers. With two independent 
DAGs, the processor can generate two addresses simultaneously 
for dual operand fetches. 

Efficient data transfer is achieved with the use of five internal 
buses. 

• Program Memory Address (PMA) bus 

• Program Memory Data (PMD) bus 

• Data Memory Address (DMA) bus 

• Data Memory Data (DMD) bus 

• Result (R) bus 



DSPatch is a trademark of Analog Devices, Inc. 
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NOTE ON GENERATING WAIT STATES 

See the application note “Wait State Generation on the ADSP-2 100/ 
2100A” for information on using DMACK to generate wait 
states. 
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Figure 2. Data Memory Read 
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Data Memory Write 
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45 
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8 
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3 
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A 
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EH 
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6 


tm 

1 
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A 

EH 


EH 


EH 


EH 


EH 
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A 
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EH 

1 

87 DMWR Low to DMD Out Enable 

F 
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6 


mi 

1 
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EH 


mm 


EH 


EH 


EH 
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EH 
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EH 
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□ ANALOG 

DEVICES DSP Microcomputer 

ADSP-2101 


FEATURES 

Complete DSP Microcomputer 
80 ns Instruction Cycle Time from 12.5 MHz Crystal 
ADSP-2100 Code & Function Compatible 
2K Words of On-Chip Program Memory RAM 
IK Word of On-Chip Data Memory RAM 
Separate Program and Data Buses On-Chip 
Dual Purpose Program Memory for Both Instruction 
and Data Storage 

Three Independent Computational Units: ALU, Multi- 
plier/Accumulator and Barrel Shifter 
Two Independent Data Address Generators 
Powerful Program Sequencer 
Zero Overhead Looping 
Conditional Arithmetic Instruction Execution 
Two Double-Buffered Serial Ports with Companding 
Hardware and Automatic Data Buffering 
Programmable 16-Bit Interval Timer with Prescaler 
Programmable Wait State Generation 
Automatic Booting of Internal Program Memory from 
Byte- Wide External Memory, e.g., EPROM 
Provisions for Multiprecision Computation and 
Saturation Logic 

Single-Cycle Instruction Execution 
Single-Cycle Context Switch 
Multifunction Instructions 

Three Edge- or Level-Sensitive External Interrupts 
80 mW Maximum Power Dissipation in Standby Mode 
68-Pin PGA, 68-Lead PLCC and 80-Lead PQFP 
MIL-STD-883 Compliant Versions Available 

GENERAL DESCRIPTION 

The ADSP-2101 is a single-chip microcomputer optimized for 
digital signal processing (DSP) and other high-speed numeric 
processing applications. Its instruction set is a fully compatible 
superset of the ADSP-2100 instruction set. It combines the com- 
plete ADSP-2100 architecture (three computational units, data 
address generators and a program sequencer) with two serial 
ports, a programmable timer, extensive interrupt capabilities 
and on-chip program and data memory RAM. The ADSP-2101 
has IK words of (16-bit) data memory RAM and 2K words of 
(24-bit) program memory RAM on chip. 

Fabricated in a high-speed 1.0 micron double-layer metal CMOS 
process, the ADSP-2101 operates at an 80 ns instruction cycle 
time. Every instruction executes in a single cycle. Fabrication in 
CMOS results in low power requirements. The ADSP-2101 dis- 
sipates less than 1 W under all conditions and no more than 
80 mW under standby conditions. 


FUNCTIONAL BLOCK DIAGRAM 



The ADSP-2101’s flexible architecture and comprehensive in- 
struction set support a high degree of operational parallelism. In 
one cycle the ADSP-2101 can: 

• generate the next program address 

• fetch the next instruction 

• perform one or two data moves 

• update one or two data address pointers 

• perform a computational operation 

• receive and transmit data via the two serial ports 

Development System 

The ADSP-2101 is supported by a complete set of tools for soft- 
ware and hardware system development. The Development 
Software is a set of modules that supports all ADSP-2100 family 
processors. The System Builder provides a high-level method for 
defining the architecture of systems under development. The 
Assembler produces object code and the Linker combines object 
modules and library calls into an executable file. The Simulator 
provides an interactive instruction-level simulation with a recon- 
figurable user interface. A PROM Splitter generates PROM 
burner compatible files. The C Compiler generates ADSP-2101 
assembly source code. 

Emulators aid in the hardware debugging of ADSP-2101 sys- 
tems. The full featured emulator performs a full range of emula- 
tion functions including trace and triggering. EZ-Tools are low 
cost, easy-to-use hardware tools. The EZ-ICE™ emulator pro- 
vides basic functions like changing register values and setting 
breakpoints. The EZ-LAB™ demonstration board is a complete 
ADSP-2101 -based system that executes its own example pro- 
grams. The EZ-Kit package is a starter kit that contains an 
EZ-LAB board, development software, books and example 
programs. 


EZ-ICE and EZ-LAB are trademarks of Analog Devices, Inc. 
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Additional Information 

This data sheet provides a general overview of ADSP-2101 func- 
tionality. For additional information on the architecture and in- 
struction set of the processor, refer to the ADSP-2101 User's 
Manual. For more information about the Development System 
and ADSP-2101 programmer’s reference information, refer to 
the ADSP-2100 Family Development Software Manuals and the 
ADSP-2101 Emulator Manual. 

ARCHITECTURE OVERVIEW 

Figure 1 is an overall block diagram of the ADSP-2101. The 
processor contains three independent computational units: the 
ALU, the multiplier/accumulator (MAC) and the shifter. The 
computational units process 16-bit data directly and have provi- 
sions to support multiprecision computations. The ALU per- 
forms a standard set of arithmetic and logic operations; division 
primitives are also supported. The MAC performs single-cycle 
multiply, multiply/add and multiply/subtract operations. The 
shifter performs logical and arithmetic shifts, normalization, de- 
normalization, and derive exponent operations. The shifter can 
be used to efficiently implement numeric format control includ- 
ing multiword floating-point representations. 

The internal result (R) bus directly connects the computational 
units so that the output of any unit may be the input of any unit 
on the next cycle. 


A powerful program sequencer and two dedicated data address 
generators ensure efficient use of these computational units. The 
sequencer supports conditional jumps, subroutine calls and re- 
turns in a single cycle. With internal loop counters and loop 
stacks, the ADSP-2101 executes looped code with zero over- 
head; no explicit jump instructions are required to maintain the 
loop. 

The data address generators (DAGs) handle address pointer up- 
dates. Each DAG maintains four address pointers. Whenever 
the pointer is used to access data (indirect addressing), it is post- 
modified by the value of a specified modify register. A length 
value may be associated with each pointer to implement auto- 
matic modulo addressing for circular buffers. With two data in- 
dependent DAGs, the processor can generate two data addresses 
simultaneously for dual operand fetches. The circular buffering 
feature is also used by the serial ports for automatic data trans- 
fers; these are described in the section on serial ports. 

Efficient data transfer is achieved with the use of five internal 
buses. 

• Program Memory Address (PMA) Bus 

• Program Memory Data (PMD) Bus 

• Data Memory Address (DMA) Bus 

• Data Memory Data (DMD) Bus 

• Result (R) Bus 
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ADSP-2101-40 

ADSP-2101-50 


Parameter 

Min Max 

Min Max 

Unit 

Memory Read 




Timing Requirement: 




Irdd RD Low to Data Valid 

0.5t CK - 15+w 

0.5t CK - 15+w 

ns 

t AA A0-A13, PMS, DMS, BMS to 

0.75t CK - 20+w 

0.75t CK - 20+w 


Data Valid 



ns 

Irdh Data Hold from RD High 

0 

0 

ns 

Switching Characteristic: 




t RP RD Pulse Width 

0.5t CK “ 5+w 

0.5t CK - 5+w 

ns 

tcRD CLKOUT High to RD Low 

0.25t CK - 5 0.25t CK + 10 

0.25t CK - 5 0.25t CK + 10 

ns 

t ASR A0-A13, DMS, PMS, BMS 

0.25t CK - 12 

0.25t CK - 12 


Setup before RD Low 



ns 

t RDA A0-A13, DMS, PMS, BMS 

0.25tc K - 10 

0.25t CK - 10 


Hold after RD Deasserted 



ns 

t RWR RD High to RD or WR Low 

0-5t CK — 5 

1 

X 

d 

ns 


w = wait states x (t CK ) 

w = wait states x (t CK ) 



CLKOUT 


AO- A13 


DMS, PMS 
BMS 


RO 


D 


Figure 2. Memory Read 
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Parameter 

ADSP-2101-40 

Min Max 

ADSP-2101-50 

Min Max 

Unit 

Memory Write 





Switching Characteristic: 





bw 

Data Setup before WR High 

0.5t C K ~ 10+w 


0.5t C K - 10+w 

ns 

t DH 

Data Hold after WR High 

0.25t CK - 10 


0.25t CK - 10 

ns 

t WP 

WR Pulse Width 

0.5t CK -5+w 


0.5t CK - 5+w 

ns 

l WDE 

WR Low to Data Enabled 

0 


0 

ns 

*ASW 

A0-A13, DMS, PMS Setup 

0.25t CK — 12 


0.25t CK - 12 



before WR Low 




ns 

l DDR 

Data Disable before WR or 

0.25t CK - 10 


0.25t CK - 10 



RD Low 




ns 

tcWR 

CLKOUT High to WR Low 

0.25t CK - 5 

0.25t CK + 10 

0.25t CK - 5 G.25t CK + 10 

ns 

^AW 

A0-A13 Setup before WR 

0.75t CK - 15+w 


0.75t CK - 15+w 



Deasserted 




ns 

WRA 

A0-A13, PMS, PMS Hold 

0.25t CK - 10 


0.25t CK - 10 



after WR Deasserted 




ns 

Wr 

WR High to RD or WR Low 

0-5t CK — 5 


^•5t CK — 5 

ns 



w = wait states x (t CK ) 


w = wait states x (t CK ) 




Figure 3. Memory Write 
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Parameter 

ADSP-2101-40 

Min Max 

ADSP-2101-50 

Min Max 

Unit 

Serial Ports 




Timing Requirement: 




t SCK SCLK Period 

97.6 

80 

ns 

t scs DR/TFS/RFS Setup before SCLK Low 

10 

8 

ns 

t SCH DR/TFS/RFS Hold after SCLK Low 

10 

10 

ns 

t SCP SCLK in Width 

38 

30 

ns 

Switching Characteristic: 




tcc CLKOUT High to SCLK out 

0.25t CK 0.25t CK + 15 

0.25t CK 0.25t CK + 15 

ns 

t SCDE SCLK High to DT Enable 

0 

0 

ns 

t SCDV SCLK High to DT Valid 

25 

20 

ns 

t RH TFS/RFS out Hold after SCLK High 

0 

0 

ns 

t R D TFS/RFS out Delay from SCLK High 

25 

20 

ns 

t SCDH DT Hold after SCLK High 

0 

0 

ns 

Itde TFS in (alt) to DT Enable 

0 

0 

ns 

txov TFS in (alt) to DT Valid 

20 

18 

ns 

t SCDD SCLK High to DT Disable 

30 

25 

ns 

t RDV RFS in (multichannel, frame delay zero) to DT Valid 

25 

20 

ns 



Figure 4. Serial Ports 
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ANALOG 

DEVICES 


DSP Microcomputer 
~~ ADSP-21 05 


FEATURES 

Complete DSP Microcomputer 
100 ns Instruction Cycle Time from 10 MHz Crystal 
ADSP-21 00 Code- & Function-Compatible 
ADSP-21 01 Pin-Compatible 
IK Words of On-Chip Program Memory RAM 
512 Words of On-Chip Data Memory RAM 
Dual Purpose Program Memory for Both Instruction 
and Data Storage 

Separate Program and Data Buses On-Chip 
Three Computation Units: ALU, Multiplier/ 
Accumulator and Barrel Shifter 
Two Independent Data Address Generators 
Powerful Program Sequencer 
Zero Overhead Looping 
Conditional Arithmetic Instruction Execution 
Double-Buffered Serial Port with Companding 
Hardware and Automatic Data Buffering 
Programmable 16-Bit Interval Timer with Prescaler 
Programmable Wait State Generation 
Automatic Boot of Internal Program Memory from 
Byte-Wide External Memory, e.g., EPROM 
Provisions for Multiprecision Computation and 
Saturation Logic 

Single-Cycle Instruction Execution 
Single-Cycle Context Switch 
Multifunction Instructions 

Three Edge- or Level-Sensitive External Interrupts 
80 mW Maximum Power Dissipation in Standby Mode 
68-Lead PLCC 

GENERAL DESCRIPTION 

The ADSP-2105 is a single-chip microcomputer optimized for 
digital signal processing (DSP) and other high-speed numeric 
processing applications. Its instruction set is a fully compatible 
superset of the ADSP-2100 instruction set. It combines the com- 
plete ADSP-2100 architecture (three computational units, data 
address generators and a program sequencer) with a serial port, 
a programmable timer, extensive interrupt capabilities and on- 
chip program and data memory RAM. The ADSP-2105 has 512 
words of (16-bit) data memory RAM and IK words of (24-bit) 
program memory RAM on chip. 

The ADSP-2105 is a pin-for-pin and code-compatible version 
of Analog Devices’ ADSP-2101 DSP Microcomputer. The 
ADSP-2105 is the industry’s leading cost/performance DSP. It 
is an ideal choice in applications needing the performance ad- 
vantages of a DSP processor at the cost of today’s standard 
microcontrollers. 


FUNCTIONAL BLOCK DIAGRAM 



The ADSP-2105 offers a direct upgrade path to more highly 
integrated and higher performance DSP processors. It is a sub- 
set of the ADSP-2101. Users selecting the ADSP-2105 will be 
able to preserve their investment in ADSP-21 XX tools in future 
programs requiring the added features found on the ADSP-2101 
and future members of the ADSP-2100 family. 

The ADSP-2105 is feature- and instruction-set compatible with 
the ADSP-2101. The only differences are the sizes of on-chip 
memories (half the size of the ADSP-21 01’s), the number of 
serial ports (one instead of two) and processor speed. The 
ADSP-2105 serial port (SPORT) is identical to SPORT1 of the 
ADSP-2101. The specifics of these differences are documented 
at the end of this data sheet. 

Fabricated in a high-speed 1.0 micron double-layer metal CMOS 
process, the ADSP-2105 operates with a 100 ns instruction cycle 
time. Every instruction executes in a single cycle. Fabrication in 
CMOS results in low power dissipation. The ADSP-2105 dissi- 
pates less than 1 W under all conditions and no more than 
80 mW under standby conditions. 

The ADSP-2105’s flexible architecture and comprehensive in- 
struction set support a high degree of operational parallelism. In 
one cycle the ADSP-2105 can: 

• generate the next program address 

• fetch the next instruction 

• perform one or two data moves 

• update one or two data address pointers 

• perform a computational operation 

• receive or transmit data via the serial port 
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Development System 

The ADSP-2105 is supported by a complete set of tools for 
software and hardware system development. The development 
software is a set of modules that supports all the ADSP-2100 
family processors. The System Builder provides a high-level 
method for defining the architecture of systems under develop- 
ment. The Assembler produces object code and the Linker com- 
bines object modules and library calls into an executable file. 
The Simulator provides an interactive instruction-level simula- 
tion with a reconfigurable user interface. A PROM Splitter gen- 
erates PROM burner compatible files. The C Compiler 
generates ADSP-2105 assembly source code. 

Emulators aid in the hardware debugging of ADSP-2105 sys- 
tems. The full-featured emulator performs a full range of emula- 
tion functions including trace and triggering. EZ-Tools are low 
cost, easy-to-use hardware tools. The EZ-ICE™ emulator pro- 
vides basic functions like changing register values and setting 
breakpoints. The EZ-LAB™ demonstration board is a complete 
ADSP-2 101 -based system that executes its own example pro- 
grams. The EZ-Kit package is a starter kit that contains an 
EZ-LAB board, development software, books and example 
programs. 

Additional Information 

Because the ADSP-2105 is a subset of the ADSP-2101, the same 
publications and development tools support both devices. 

For additional information on the architecture and instruction 
set of the processor, refer to the ADSP-2101 User’s Manual . 

For more information about the Development System and 
ADSP-2105 programmer’s reference information, refer to the 
ADSP-2100 Family Development Software Manuals and the 
ADSP-2101 Emulator Manual. 

EZ-ICE and EZ-LAB are trademarks of Analog Devices, Inc. 


ARCHITECTURE OVERVIEW 

Figure 1 is an overall block diagram of the ADSP-2105. 

The processor contains three independent computational units: 
the ALU, the multiplier/accumulator (MAC) and the shifter. 

The computational units process 16-bit data directly and have 
provisions to support multiprecision computations. The ALU 
performs a standard set of arithmetic and logic operations; divi- 
sion primitives are also supported. The MAC performs single- 
cycle multiply, multiply /add and multiply /subtract operations. 
The shifter performs logical and arithmetic shifts, normalization, 
denormalization, and derive exponent operations. The shifter 
can be used to efficiently implement numeric format control in- 
cluding multiword floating-point representations. 

The internal result (R) bus directly connects the computational 
units so that the output of any unit may be the input of any unit 
on the next cycle. 

A powerful program sequencer and two dedicated data address 
generators ensure efficient use of these computational units. The 
sequencer supports conditional jumps, subroutine calls and re- 
turns in a single cycle. With internal loop counters and loop 
stacks, the ADSP-2105 executes looped code with zero over- 
head; no explicit jump instructions are required to maintain 
the loop. 

The data address generators (DAGs) handle address pointer up- 
dates. Each DAG maintains four address pointers. Whenever 
the pointer is used to access data (indirect addressing), it is post- 
modified by the value of a specified modify register. A length 
value may be associated with each pointer to implement auto- 
matic modulo addressing for circular buffers. With two 
independent DAGs, the processor can generate two data ad- 
dresses simultaneously for dual operand fetches. The circular 
buffering feature is also used by the serial port for automatic 
data transfers. 
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Efficient data transfer is achieved with the use of five internal 
buses. 

• Program Memory Address (PMA) Bus 

• Program Memory Data (PMD) Bus 

• Data Memory Address (DMA) Bus 

• Data Memory Data (DMD) Bus 

• Result (R) Bus 


Parameter 

ADSP-2 105-40 

Min Max 

Unit 

Memory Read 



Timing Requirement: 



t RDD Low to Data Valid 

0.5t CK - 15+w 

ns 

t AA A0-A13, PMS, DMS, BMS to Data Valid 

0.75t CK - 20+w 

ns 

t RDH Data Hold from RD High 

0 

ns 

Switching Characteristic: 



t RP RD Pulse Width 

0.5t CK ~ 5+w 

ns 

t CRD CLKOUT High to RD Low 

0.25t CK - 5 0.25t CK + 10 

ns 

t ASR A0-A13, DMS, PMS, BMS Setup before RD Low 

0.25t CK - 12 

ns 

t RDA A0-A13, DMS, PMS, BMS Hold after RD Deasserted 

0.25t CK - 10 

ns 

Irwr rd High to RD or WR Low 

0-5tcK ~ 5 

ns 


w = wait states x (t CK ) 



CLKOUT 


A0-A13 


DMS, PMS 
BMS 


RD 


D 


WR 


Figure 2. Memory Read 
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Parameter 


Memory Write 

Switching Characteristic: 

t DW Data Setup befo re W R High 

t DH Data Hold after WR High 

t WP WR Pulse Width 

t WD E WR Low to Data Enabled 

t ASW A0-A13, DMS, PM S Set up before WR Low 

t D DR Data Disable befor e WR or RD Low 

t CWR CLKOUT High to WR Low 

t AW A0-A13 Setup b efore WR Deass erted 

t W RA A0-A13, DMS, PMS Hold after WR Deasserted 

t WR WR High to RD or WR Low 


ADSP-2 105-40 

Min Max 

Unit 

0.5t CK “ 10+w 

ns 

0.25t CK - 10 

ns 

0.5t CK ~ 5+w 

ns 

0 

ns 

0.25t CK — 12 

ns 

0.25t CK - 10 

ns 

0.25t CK 5 0.25t CK + 10 

ns 

0.75t CK - 15+w 

ns 

0.25t CK 10 

ns 

0-5t C K ~ 5 

ns 

w = wait states x (t CK ) 




Figure 3. Memory Write 
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Parameter 

ADSP-2 105-40 

Min Max 

Unit 

Serial Port 



Timing Requirement: 



t SCK SCLK Period 

97.6 

ns 

t scs DR/TFS/RFS Setup before SCLK Low 

10 

ns 

t SCH DR/TFS/RFS Hold after SCLK Low 

10 

ns 

t SCP SCLK in Width 

38 

ns 

Switching Characteristic: 



t cc CLKOUT High to SCLK out 

D-25t CK 0.25t CK + 15 

ns 

t SC DE SCLK High to DT Enable 

0 

ns 

t SC DV SCLK High to DT Valid 

25 

ns 

t RH TFS/RFS out Hold after SCLK High 

0 

ns 

t RD TFS/RFS oul Delay from SCLK High 

25 

ns 

t SCD H DT Hold after SCLK High 

0 

ns 

Ltde TFS in (alt) to DT Enable 

0 

ns 

t TDV TFS in (alt) to DT Valid 

20 

ns 

t SC DD SCLK High to DT Disable 

30 

ns 



Figure 4. Serial Port 
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ANALOG 

DEVICES 


DSP Microcomputer 
with Host Interface Port 


ADSP-2111 


FEATURES 

Complete DSP Microcomputer 
60 ns Instruction Cycle Time from 16.67 MHz Crystal 
ADSP-21XX Family Code & Function Compatible 
2K Words of On-Chip Program Memory RAM 
IK Word of On-Chip Data Memory RAM 
Host Interface Port Provides Simple Interface to 68000, 
80C51, ADSP-2101 and Others 
Separate Program and Data Buses On-Chip 
Dual Purpose Program Memory for Both Instruction 
and Data Storage 

Three Independent Computational Units: 

ALU, Multiplier/Accumulator and Barrel Shifter 
Two Independent Data Address Generators 
Powerful Program Sequencer with: 

Zero Overhead Looping 
Conditional Arithmetic Instruction Execution 
Two Double-Buffered Serial Ports with Companding 
Hardware and Automatic Data Buffering 
Input and Output Flags 

Programmable 16-Bit Interval Timer with Prescaler 
Programmable Wait State Generation 
Automatic Booting of Internal Program Memory from 
Byte-Wide External Memory, e.g., EPROM 
Automatic Booting of Internal Program Memory from 
Host Port 

Provisions for Multiprecision Computation and 
Saturation Logic 

Single-Cycle Instruction Execution 
Single-Cycle Context Switch 
Multifunction Instructions 

Three Edge- or Level-Sensitive External Interrupts 
Low Power Dissipation in Standby Mode 
100-Pin PGA and 100-Lead PQFP 
MIL-STD-883 Compliant Version Available 

GENERAL DESCRIPTION 

The ADSP-2111 is a single-chip microcomputer optimized for 
digital signal processing (DSP) and other high-speed numeric 
processing applications. Its instruction set is a fully compatible 
superset of the ADSP-2100 instruction set. It combines the com- 
plete ADSP-2100 architecture (three computational units, data 
address generators and a program sequencer) with two serial 
ports, a host interface port, a programmable timer, extensive 
interrupt capabilities and on-chip program and data memory 
RAM. The ADSP-2111 has IK words of (16-bit) data memory 
RAM and 2K words of (24-bit) program memory RAM on chip. 


FUNCTIONAL BLOCK DIAGRAM 



Fabricated in a high-speed, 1.0 micron, double-layer metal 
CMOS process, the ADSP-2111 operates with a 60 ns instruc- 
tion cycle time. Every instruction executes in a single cycle. 
Fabrication in CMOS results in low power operation. 

The ADSP-2 Ill’s flexible architecture and comprehensive 
instruction set support a high degree of operational parallelism. 
In one cycle the ADSP-2111 can: 

• generate the next program address 

• fetch the next instruction 

• perform one or two data moves 

• update one or two data address pointers 

• perform a computational operation 

• receive and transmit data via the two serial ports 

• receive and/or transmit data via the host interface port 

Development System 

The ADSP-2111 is supported by a complete set of tools for soft- 
ware and hardware system development. The Development 
Software is a set of modules that supports all ADSP-2100 family 
processors. The System Builder provides a high-level method for 
defining the architecture of systems under development. The 
Assembler produces object code and the Linker combines object 
modules and library calls into an executable file. The Simulator 
provides an interactive instruction-level simulation with a recon- 
figurable user interface. A PROM Splitter generates PROM pro- 
grammer compatible files. The C Compiler generates ADSP-2111 
assembly source code. 
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ADSP-2111 


Emulators aid in the hardware debugging of ADSP-2111 sys- 
tems. The full featured emulator performs a full range of 
emulation functions including trace and triggering. EZ-Tools 
are low cost, easy-to-use hardware tools. The EZ-ICE™ emula- 
tor provides basic functions like changing register values and 
setting breakpoints. The EZ-LAB™ demonstration board 
is a complete ADSP-2111 system that executes EPROM-based 
programs. 

Additional Information 

This data sheet provides a general overview of ADSP-2111 func- 
tionality. For additional information on the architecture and 
instruction set of the processor, refer to the ADSP-2111 User’s 
Manual. For more information about the Development System 
and ADSP-2111 programmer’s reference information, refer to 
the ADS P-2 100 Family Development Software Manuals and the 
ADS P-2 111 Emulator Manual. * 

ARCHITECTURE OVERVIEW 

Figure 1 is an overall block diagram of the ADSP-21ft, The 
processor contains three independent computational units: the 
ALU, the multiplier/accumulator (MAC) and the shifter. The / \i 
computational units process 16-bit data directly and have provi- 
sions to support multiprecision computations. The ALU per- 
forms a standard set of arithmetic and logic operations; division 
primitives are also supported. The MAC performs single-cycle 
multiply, multiply/add and multiply/subtract operations. The 
shifter performs logical and arithmetic shifts, normalization, 
denormalization, and derive exponent operations. The shifter 
can be used to efficiently implement numeric format control 
including multiword floating-point representations. 

EZ-ICE and EZ-LAB are trademarks of Analog Devices, Inc. 


The internal result (R) bus directly connects the computational 
units so that the output of any unit may be the input of any unit 
on the next cycle. 

A powerful program sequencer and two dedicated data address 
generators ensure efficient use of these computational units. The 
sequencer supports conditional jumps, subroutine calls and 
returns in a single cycle. With internal loop counters and loop 
stacks, the ADSP-2111 executes looped code with zero over- 
head; no explicit jump instructions are required to maintain the 
loop. 

Two data address generators (DAGs) provide addresses for 
simultaneous dual operand fetches (from data memory and pro- 
gram memory). Each DAG maintains and updates four address 
pointers. Whenever the pointer is used to access data (indirect 
addressing), it is post-modified by the value of one of four possi- 
ble modify registers. A length value may be associated with each 
pointer to implement automatic modulo addressing for circular 
buffers* The circular buffering feature is also used by the serial 
ports for automatic data transfers; these are described on the 
next page in “Serial Ports.” 

Efficient data transfer is achieved with the use of five internal 
buses. 

§ 


Program Memory Address (PMA) Bus 
Program Memory Data (PMD) Bus 
Data Memory Address (DMA) Bus 
Data Memory Data (DMD) Bus 
Result (R) Bus 

The two address buses (PMA and DMA) share a single external 
address bus allowing memory to expanded off-chip, and the two 
data buses (PMD and DMD ) share a single external data bus. 
The BMS, DMS and PMS signals indicate for which memory 
space the external buses are being used. 
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ADSP-2111 


Parameter 

ADSP-2111-52 

Min Max 

Unit 

Memory Read 



Timing Requirement: 



t RDD RD Low to Data Valid 

0.5t CK - 15+w 

ns 

t AA A0-A13, PMS, DMS, BMS to Data Valid 

0-75t CK - 20+w 

ns 

Irdh Data Hold from RD High 

0 

ns 

Switching Characteristic: 



t RP RD Pulse Width 

0.5t CK — 10+w 

ns 

t C R D CLKOUT High to RD Low 

0.25t CK - 10 0.25t CK + 10 

ns 

t A sR A0-A13, DMS, PMS, BMS Setup before RD Low 

0.25w - 15 

ns 

Ir D a A0-A13, DMS, PMS, BMS Hold after RD Deasserted 

0-25 t^K “ 10 

ns 

t RWR RD High to RD or WR Low . 


ns 


w ^ wait states x (t CK ) 
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ADSP-2U1 


Parameter 

ADSP-2111-52 

Min Max 

Unit 

Memory Write 

Switching Characteristic: 



t DW Data Setup before WR High 

0.5t CK - 20+w 

ns 

t DH Data Hold after WR High 

D-25t CK — 10 

ns 

t WP WR Pulse Width 

0.5t CK — 10+w 

ns 

t WDE WR Low to Data Enabled 

0 

ns 

t ASW A0-A13, DMS, PMS Setup before WR Low 

0.25t CK - 15 

ns 

t DD R Data Disable before WR or RD Low 

0.25t CK — 10 

ns 

t CWR CLKOUT High to WR Low 

0.25t CK - 10 0.25t CK + 10 

ns 

t AW A0-A13 Setup before WR Deasserted 

0.75t CK - 2%t-w 

ns 

t WRA A0-A13, DMS, PMS Hold after WR Deasserted 

0.25t^'f- 10 

ns 

t WR WR High to RD or WR Low 

wait states x (t CK ) 

ns 


% ^ € g% * #1# | f J;u 



Figure 3. Memory Write 
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ANALOG 

DEVICES 


IEEE Floating-Point DSP Microprocessor 


ADSP-21020 


FEATURES 

20 MHz IEEE Floating-Point Processor 
IEEE 32-Bit Single-Precision and 40-Bit Extended 
Single-Precision Floating-Point Formats 
32-Bit Fixed-Point Formats, Integer and Fractional 
Separate Program and Data Buses Extended Off-Chip 
Dual Purpose Program Memory Contains Both 
Instructions and Data 

Three Independent Computation Units: ALU, 

Multiplier, Shifter 

Single-Cycle Parallel Operation of Multiplier and ALU 
Two Independent Address Generators 
Addressing Support for Page-Mode DRAMs 
Powerful Program Sequencer 
Zero Overhead Loops 
Conditional Execution 

32-Word, High-Performance Instruction Cache 
Programmable Interval Timer 

Programmable and/or Hardware-Controlled Memory | 
Wait States 

Alternate Register Sets for Single-Cycle Context 
Switch 

Large Instruction Set, Single-Cycle Instruction 
Execution 

Four Edge- or Level-Sensitive External Interrupts 
Four Input/Output Flags 
50 ns Instruction Cycle Time 
223-Pin PGA Package 

GENERAL DESCRIPTION 

The ADSP-21020 is the first member of Analog Devices’ family 
of single-chip, programmable, IEEE floating-point processors 
optimized for digital signal processing applications. Its architec- 
ture is similar to that of Analog Devices’ ADSP-2100 family of 
fixed-point DSP processors. 

The ADSP-21020 features: 

• Independent Parallel Computation Units 

The arithmetic/logic unit (ALU), multiplier and shifter per- 
form single-cycle instructions. The units are architecturally 
arranged in parallel, maximizing computational throughput. A 
single multifunction instruction executes parallel ALU and 
multiplier operations. These computation units support IEEE 
single-precision (32-bit) floating-point, extended 40-bit 
floating-point and 32-bit fixed-point data formats. 


SIMPLIFIED BLOCK DIAGRAM 


DATA 

ADDRESS 

GENERATORS 


I INSTRUCTION 
CACHE I 


PROGRAM I 
SEQUENCER I 


ARITHMETIC UNITS 


ALU MULTIPLIER SHIFTER 



EXTERNAL 

ADDRESS 

BUSES 


EXTERNAL 

DATA 

BUSES 


• Single-Cycle Fetch of Instruction and Two Operands 
The ADSP-21020 uses a modified Harvard architecture in 
which data memory stores data and program memory stores 
both instructions and data. Because of its separate program 
and data memory buses and its high-performance instruction 
cache, the processor can fetch an operand from data memory, 
an operand from program memory, and an instruction from 
the cache simultaneously. 

• Hardware Circular Buffers 

The ADSP-21020 provides hardware to implement circular 
buffers in memory, which are common in digital filters and 
Fourier transform implementations. It handles address pointer 
wraparound, reducing overhead (thereby increasing perfor- 
mance) and simplifying implementation. Circular buffers can 
start and end at any location. 

• Flexible Instruction Set 

The ADSP-21020’s 48-bit instruction word accommodates 
a variety of parallel operations, for concise programming. 

For example, the ADSP-21020 can conditionally execute a 
computation, a data memory access and a branch in a single 
instruction. 
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AOS P-2 1020 


ARCHITECTURE OVERVIEW 

Figure 1 is a block diagram of the ADSP-21020. The processor 
features: 

• Three Computation Units— ALU, Multiplier and Shifter 
—with a shared data register file 

• Two Address Generators 

• Program Sequencer with Instruction Cache 

• Timer 

• Memory Buses and Interface 

Computation Units 

The ADSP-21020 contains three independent computation units: 
an ALU, a multiplier with fixed-point accumulator and a 
shifter. For meeting a wide variety of processing needs, the 
computation units process data in three formats: 32-bit fixed- 
point, 32-bit floating-point and 40-bit floating-point. The 
floating-point operations are single-precision IEEE-compatible 
(IEEE Standard 754/854). The 32-bit floating-point format is the 
standard IEEE format, whereas the 40-bit IEEE extended- 
precision format has eight more LSBs of mantissa for additional 
accuracy . ^ ■ 

The multiplier performs floating-point and fixed-point multipli- f 
cation as well as fixed-point multiply/add and multiply/subtract 
operations. Integer products are 64 bits wide, and the accumula- 
tor is 80 bits wide. The ALU performs 45 standard arithmetic 
and logic operations, supporting both fixed-point arid floating- 
point formats. The shifter performs 19 operations, including 
logical and arithmetic shifts, bit manipulation, field deposit, and 
extract and derive exponent operations, on 32-bit operands. 

The computation units perform single-cycle operations; there is 
no computation pipeline. The units are connected in parallel 
rather than serially. The output of any unit may be the input of 
any unit on the next cycle. 


In a multifunction computation, the ALU and multiplier perform 
independent simultaneous operations. A 10-port register file is 
used for transferring data between the computation units and 
the data buses, and for storing intermediate results. The register 
file has two sets (primary and alternate) of sixteen 40-bit regis- 
ters each, for fast context switching. The primary or alternate 
set of each half of the register file (top eight or bottom eight 
registers) is selected independently. 

Address Generators and Program Sequencer 

Two dedicated address generators and a program sequencer sup- 
ply addresses for memory accesses. Thus the computation units 
never need to be used to calculate addresses. Because of its in- 
struction cache, the ADSP-21020 can simultaneously fetch an 
instruction and access data in both off-chip program memory 
and off-chip data memory in a single cycle. If the instruction is 
in the cache, there is no need to halt or wait for data. 

The data address generators (DAGs) provide memory addresses 
when external memory data is transferred over the parallel mem- 
\ory ports to or from internal registers. Dual data address genera- 
tors enable the processor to output two simultaneous addresses 
for dual operand reads and writes. DAG1 supplies 32-bit ad- 
dresses to data memory. DAG2 supplies 24-bit addresses to pro- 
gram memory for program memory data accesses. 

Each DAti keeps track of up to eight address pointers, eight 
; modifiers, eight length values and eight base values. A pointer 
used for indirect addressing can be modified by a value in a 
specified register, either before (pre-modify) or after (post- 
modify) the access. To implement automatic modulo addressing 
for circular buffers, the ADSP-21020 provides length values that 
can be associated with each pointer. Base values for pointers 
allow relocatable data storage. Each DAG register has an alter- 
nate register that can be activated for fast context switching. 



Figure 7. ADSP-21020 Block Diagram 
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ADSP-21 020 


The program sequencer supplies instruction addresses to the 
program memory. It controls loop iterations and evaluates con- 
ditional instructions. To execute looped code with zero over- 
head, the ADSP-21020 maintains an internal loop counter and 
loop stack. No explicit jump instructions are required to loop or 
to decrement and test the counter. 

The ADSP-21020 derives its high clock rate from pipelined 
fetch, decode and execute cycles. External memories have more 
time to complete an access than if there were no decode cycle; 
consequently, ADSP-21020 systems can be built using slower 
and therefore less expensive memories. 


The program sequencer includes a high-performance instruction 
cache. This 2-way, set associative cache holds 32 instructions. 
Only the instructions whose fetches conflict with program mem- 
ory data accesses are cached, so the ADSP-21020 can perform 
a program memory data access and execute the corresponding 
instruction in the same cycle. The program sequencer fetches. 


the instruction from the cache instead of program mer 
the ADSP-21020 can simultaneously access data in prc 
memory. 


Interrupts 

The ADSP-21020 has four external hardware interrupts, nine 
internally generated interrupts and eight software interrupts. 

For the external user interrupts and the internal timer interrupt, 
the ADSP-21020 automatically stacks the arithmetic status and 
mode (MODE1) registers in parallel with servicing the inter- 
rupt, allowing four nesting levels of very fast service for these 
interrupts. 


An interrupt can occur at any time while the ADSP-21020 is 
executing a program. Internal events that generate interrupts 
include arithmetic exceptions, allowing fast trap handling and 
recovery. 


Development System 

The ADSP-21020 is supported with a complete set of software 
and hardware development tools. The ADSP-21020 Develop- 
ment System includes development software for software design 
and an emulator for hardware debugging. 
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ADSP-21020 


Parameter 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Memory Read 

1 20 MHz (50 ns) 

1 15 MHz (66 ns) | 

Frequency Dependency 



' 





t C K ~ T ns; 

DT = T - 50 ns 


Switching Characteristic 








^DARL 

Address, Select valid to xRD 

11 


17 


11+3DT/8 


ns 

^DRHA 

xRD deasserted to Address, Select invalid 

0 


0 


0 


ns 

^DCKA 

CLKIN rising edge to Address valid 


18 


16 


18-DT/8 

ns 

l DAP 

Address valid to xPAGE valid 


4 


4 


4 

ns 

t DCKP 

CLKIN rising edge to xPAGE valid 


21 


19 


21-DT/8 

ns 

i-DCKR 

CLKIN rising edge to xRD deasserted 


11 


9 


ll-DT/8 

ns 

Timing Requirement 


i 


i 




tpDDV 

Data Valid to CLKIN rising edge 

4 


6 


4+DT/8 


ns 

l HRD 

CLKIN rising edge to Data invalid 

8 



a i 

8-DT/8 


ns 

^DAD 

Address, Select valid to external Data valid 


36 




36+ DT 

ns 

^DRLD 

xRD asserted to external Data valid 


25 


47 


25+5DT/8 

ns 

^DRHDZ 

xRD deasserted to Data high impedance 



ju 


0 

15+7DT/16 

ns 

^HDRH 

xRD deasserted to Data invalid 

&p % % 


0 

l if 

0 


ns 


Address valid to xACK valid " V 


21 


36 


21+7DT/8 

ns 

l-DRAK 

xRD asserted to xACK valid n| **% f 

■ 

8 


16 


8+DT/2 

ns 

^SAK 

xACK valid to CLKIN rising edge 

11 


7 


ll-DT/4 


ns 

^HAK 

xACK invalid to CLKIN rising edge 

v 1 - • 

J ff^ 

% * 

-2 


2-DT/4 

ns 


x = PM or DM; Select = PMS1-0, DMS3-0 


ADDRESS, 

SELECT 


DATA 

INPUT 



SELECT = PMS1-0, DMS3-0 
X = PM or DM 

Figure 2. Memory Read Timing 
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ADSP-21 020 


Parameter 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Memory Write 

20 MHz (50 ns) 

15 MHz 

(66 ns) 

Frequency Dependency 








t C K = T ns; DT 

= T - 50 ns 


Switching Characteristic 








l-DAWH 

Address, Select valid to xWR deasserted 

36 


52 


36+15DT/16 


ns 

t-DAWL 

Address, Select valid to xWR asserted 

10 


16 


10+3DT/8 


ns 

w 

xWR pulse width 

25 


34 


25+9DT/16 


ns 

l DDWH 

Data valid to xWR deasserted 

17 


25 


17+DT/2 


ns 

twDDV 

CLKIN rising edge to Data valid 

i 

38 


43 


38+5DT/16 

ns 

tpDZL 

CLKIN rising edge to Data low impedance 

18 


23 


18+5DT/16 


ns 

tDWHA 

xWR deasserted to Address, Select invalid 

2 


3 


2+DT/16 


ns 

tDWHDZH* 

xWR deasserted to Data high impedance 

4 

15 

5 

16 

4+DT/16 

15+DT/16 

ns 

tDCKA 

CLKIN rising edge to Address valid 


18 


16 


18-DT/8 

ns 

t dap 

Address valid to xPAGE valid 


4 it 


4 


4 

ns 

^DCKP 

CLKIN rising edge to xPAGE valid 


fl 


19 


21-DT/8 

ns 

^DCKW 

CLKIN rising edge to xWR deasserted 



T,i 



7— 3DT/16 

ns 

Timing Requirement 


* x 

If % 





tDAAK 

Address valid to xACK valid - V" 




35 


21+7DT/8 

ns 

^DWAK 

xWR valid to xACK valid 


%% « 1 


16 


8+DT/2 

ns 

fsAK 

xACK enabled to CLKIN rising edge 

11 


.3* 


ll + DT/4 


ns 

^■HAK 

xACK disabled to CLKIN rising edge""* 


2 . 1 


6 


2+DT/4 

ns 


X = PM or DM; Select = PMS1-0, DMS3-0. 

* t DWHDZH i s r he time from the rising edge of xWR to when the ADSP-2lM6 stops driving the data bus, until the next write or read cycle. In between the two 
memory accesses, the data output remains valid on the output bus for a time determined by the system’s total bus capacitance and the total leakage current. 


CLKIN 


ADDRESS, 

SELECT 


xPAGE 


xWR 


DATA 

OUTPUT 




\ 


f 



xACK 



SELECT - PMS1-0, DMS3-0 
x = PM or DM 


Figure 3. Memory Write Timing 


This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 


REV. 0 


DIGITAL SIGNAL PROCESSING PRODUCTS 9-37 





9-38 DIGITAL SIGNAL PROCESSING PRODUCTS 



Other Products 

Contents 


Page 

Other Products - Section 10 10-1 

Analog-to-Digital Converters Selection Guide 10-2 

Digital-to- Analog Converters Selection Guide 10-9 

Operational Amplifiers Selection Guide 10-16 


OTHER PRODUCTS 10-1 



10-2 OTHER PRODUCTS 


Selection Guide 

Analog-to-Digital Converters 

Sampling Converters 

Through- SHA 


Model 

Res 

Bits 

put Rate 
kSPS 

max 

BW 

kHz 

typ 1 

Reference 

Volt 

Int/Ext 2 

Bus Interface 
Bits 3 

Package 

Options 4 

Temp 

Range 5 

Page 6 

Comments 

AD7821 

8 

1000 

100 

0-5 V, Ext 

8, jmP 

2, 3, 4, 5, 6 

I, M 

CII 

CMOS, Bipolar or Unipolar Operation 

AD7820 

8 

500 

14 

0-5 V, Ext 

8, jxP 

2, 3, 4, 5, 6 

I, M 

CII 

CMOS, 8-Bit Sampling ADC 

AD7569 

8 

400 

200 

Int 

8, pP 

2, 3, 4, 5, 6 

C, I, M 

CII 

CMOS, Complete I/O Port with DAC, ADC, 

AD7669 

8 

400 

200 

Int 

8, pP 

2, 5,6 

C, I, M 

CII 

SHA, Amps and Reference 

CMOS, Complete I/O Port with 2 DACs, 

AD7769 

8 

400 

200 

Ext 

8,pP 

2,5 

C 

CII 

ADC, SHA, Amps and Reference 

CMOS, Complete 2-Channel I/O Port with 

AD7824 

8 

400 

10 

0-5 V, Ext 

8, pP 

2, 3,6 

C, I, M 

CII 

Input/Output Signal Conditioning 

CMOS, 4-Channel, 8-Bit Sampling ADC 

AD7828 

8 

400 

10 

0-5 V, Ext 

8, pP 

2, 3, 4, 5 

C, I, M 

CII 

CMOS, 8-Channel, 8-Bit Sampling ADC 

AD7575 

8 

190 

50 

1.23 V, Ext 

8, pP 

2, 3, 4, 5 

C, I, M 

CII 

CMOS, Low Cost 

*AD7776 

10 

500 

50 

2.0 V, Int/Ext 

10, pP 

2,6 

c,i 

CII 

CMOS, Single Channel Complete Sampling ADC, 

*AD7777 

10 

500 

50 

2.0 V, Int/Ext 

10, pP 

2,6 

C,I 

CII 

Single Supply, Twos Complement Output Code 

CMOS, 4-Channel Complete ADC for Single or 

*AD7778 

10 

500 

50 

2.0 V, Int/Ext 

10, pP 

10 

C, I 

CII 

Simultaneous Dual Channel Sampling, Single Supply 
CMOS, 8-Channel Complete ADC for Single or 

AD7579 

10 

50 

25 

2.5 V, Ext 

8, pP 

2, 3, 4, 5 

C, I, M 

CII 

Simultaneous Dual Channel Sampling, Single Supply 
CMOS, Low Cost 10-Bit Sampling ADC 

AD7580 

10 

50 

25 

2.5 V, Ext 

10, pP 

2, 3, 4, 5 

C, I, M 

CII 

CMOS, Low Cost 10-Bit Sampling ADC 

AD9003 

12 

1000 

10000 

Int 

12 

8 

C 

CII 

12-Bit, 1 MSPS ADC, Single 40-Pin DIP 

*AD1671 

12 

1250 

2000 

2.5 V, Int 

12 

1, 2, 4, 5 

C, I, M 

CII 

Complete, Monolithic 12-Bit, 1.25 MSPS ADC 

*AD7886 

12 

750 

1000 

5 V, Ext 

12, pP 

2, 3,5 

C,I 

CII 

CMOS, 12-Bit 750 kSPS Sampling ADC 

AD678 

12 

200 

1000 

5 V, Int 

8/12, pP 

1, 2, 14 

C, I, M 

CII 

BiMOS, High Impedance High Bandwidth 

*AD1341 

12 

150 

150 

10 V, Int 

16, pP 

12 

C, M 

CII 

Sampling Input, 10 V Range, AC/DC Tested 

High Speed 8/16 Channel DAS 

*AD7893 

12 

140 

70 

2.5 V, Ext 

Serial 

2, 3,6 

I, M 

CII 

CMOS, Single Supply Sampling ADC in 8-Pin Package 

*AD7892 

12 

140 

70 

2.5 V, Ext 

8/12/Serial, pP 

2, 3,6 

I, M 

CII 

±10 V Input, Single Supply Sampling ADC 

AD1332 

12 

125 

125 

-5 V, Int 

12, pP 

1 

I, M 

CII 

Complete 12-Bit 125 kHz Sampling ADC for 

*AD7874 

12 

29 

500 

Int (+3 V), Ext 

12, pP 

2, 3, 4, 6 

C, I, M 

CII 

Digital Signal Processing, On-Chip FIFO 

CMOS, Simultaneous Sampling 4-Channel ADC 

AD7870 

12 

100 

500 

3 V, Int 

8/12/Serial, pP 

2, 3, 4, 5 

C, I, M 

CH 

for ±10 V Input Signals 

CMOS, 100 kHz Throughput, ±3 V Input 

*AD7875 

12 

100 

500 

3 V, Int 

8/12/Serial, pP 

2, 3,5 

C, I, M 

CII 

CMOS 100 kHz Throughput, 0-5 V Input 

*AD7876 

12 

100 

500 

3 V, Int 

8/12/Serial, pP 

2, 3,6 

I, M 

CH 

CMOS, 100 kHz Throughput, ±10 V Input 

AD7878 

12 

100 

500 

3 V, Int 

12, pP 

2, 3, 4, 5 

C, I, M 

CII 

CMOS, 100 kHz Throughput, ±3 V Input, On-Chip FIFO 

*AD1674 

12 

100 

500 

10 V, Int 

8/12, pP 

1, 2,6 

C, I, M 

CII 

Complete AD574A Pinout Compatible, Sampling Input, 

*AD7890 

12 

100 

50 

2.5 V, Ext 

Serial 

2, 3,6 

I, M 

CII 

AC/DC Tested 

±10 V Input 8-Channel Single Supply Sampling ADC 

*AD7891 

12 

100 

50 

2.5 V, Ext 

12, pP 

10 

I, M 

CII 

±10 V Input 8-Channel Single Supply Sampling ADC 
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Through- SHA 




put Rate 

BW 

Reference 







Res 

kSPS 

kHz 

Volt 

Bus Interface 

Package 

Temp 



Model 

Bits 

max 

typ 1 

Int/Ext 2 

Bits 3 

Options 4 

Range 5 

Page 6 

Comments 

*AD7868 

12 

83 

500 

3 V, Int 

Serial, p,P 

2, 3, 6 

I, M 

CII 

CMOS, Complete I/O Port with 12-Bit ADC and 

12-Bit DAC 

AD 1334 

12 

67 

235 

-5 V, Int 

12, irP 

1 

I, M 

CII 

Four- Channel 67 kHz 12-Bit Sampling ADC, On-Chip FIFO 

*AD7880 

12 

66 

33 

5 V, Ext 

12, piP 

2, 3,6 

I 

CII 

Single +5 V Supply, Low Power Shutdown 

AD368 

12 

50 

40-1000 

6.3 V, Int 

12 

1 

I, M 

CII 

Complete 12-Bit ADC, PGA with Gains of 1, 8, 64, 512 

AD369 

12 

50 

40-1000 

6.3 V, Int 

12 

1 

I, M 

CII 

Complete 12-Bit ADC, PGA with Gains of 1, 10, 100, 500 

AD363R 

12 

25 


10 V, Int 

12, p,P 

1 

C, M 

CII 

16-Channel, 12-Bit DAS 

AD364R 

12 

20 


10 V, Int 

12, (JlP 

1 

C, M 

CII 

High Speed, 16-Channel, 12-Bit DAS with 

Three-State Buffered Output 

AD679 

14 

128 

1000 

5 V, Int 

8, pP 

1, 2, 14 

C, I, M 

CII 

BiMOS, High Impedance, High Bandwidth 

Sampling Input, 10 V Input Range, AC/DC Tested 

AD779 

14 

128 

1000 

5 V, Int 

14, |jlP 

1, 2, 14 

C, I, M 

CII 

BiMOS, High Impedance, High Bandwidth 

Sampling Input, 10 V Input Range, AC/DC Tested 

*AD7869 

14 

83 

500 

3 V, Int 

Serial 

2, 3, 6 

c,i 

CII 

CMOS, Complete I/O Port with 14-Bit DAC and 

14-Bit ADC 

AD7871 

14 

83 

500 

3 V, Int 

8/14/Serial, pP 

2, 3,5 

C, I, M 

CII 

CMOS, Complete Sampling ADC, ±3 V Input 

AD7872 

14 

83 

500 

3 V, Int 

Serial, pP 

2, 3, 6 

C, I, M 

CII 

CMOS, Complete, Serial Interface, 16-Pin DIP/SOIC 

DAS 11 52 

14 

25 

X 

10 V, Int 

14 

Module 

I 

CII 

14-Bit High Accuracy Sampling ADC 

DAS 11 57 

14 

18 

X 

10 V, Int 

14 

Module 

I 

CII 

Low Power Sampling ADC 

DAS 11 53 

15 

20 

X 

10 V, Int 

15 

Module 

I 

CII 

15 -Bit High Accuracy Sampling ADC 

DAS1158 

15 

18 

X 

10 V, Int 

15 

Module 

I 

CII 

Low Power, 15 -Bit Sampling ADC 

*AD1382 

16 

500 

2200 

10 V, Int 

8, pP 

1 

C 

CII 

High Speed, Guaranteed Dynamic Performance 

*AD1385 

16 

500 

2200 

10 V, Int 

8, pP 

1 

C, M 

CII 

Similar to AD 1382 with Autocalibration Ability, 

Guaranteed Dynamic Performance 

*AD7884 

16 

166 

83 

3 V, Ext 

16, pP 

2, 3,5 

I, M 

CII 

CMOS, Low Power (250 mW), 5.3 ps Conversion 

*AD7885 

16 

166 

83 

3 V, Ext 

8, pP 

2, 3, 5 

I, M 

CII 

Similar to AD7884, 28-Pin Package, Byte Output 

*AD675 

16 

100 

1000 

3-10 V, Ext 

8/Serial, pP 

1,2 

C, I, M 

CII 

Autocalibrating, 24-Pin DIP ADC, AC/DC Tested 

*AD676 

16 

100 

1000 

3-10 V, Ext 

16, pP 

1, 2 

C, I, M 

CII 

Similar to AD675 but in 28-Pin DIP, Parallel Output 

AD1380 

16 

50 

900 

Int 

16/Serial 

1 

C 

CII 

Low Cost, 16-Bit Sampling ADC 

DAS1159 

16 

18 

X 

10 V, Int 

16 

Module 

I 

CII 

Low Power, 16-Bit Sampling ADC 


‘X indicates that the internal SHA bandwidth is not specified in kHz. 

2 Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3 This column lists the data format for the bus with “fiP” indicating microprocessor capability— i.e., for a 13-bit converter 8/12, pP indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

4 Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package; 

7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 - Nonhermetic Ceramic/ 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

5 Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to +125°C. 

6 C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume II; D = Data sheet available, consult factory; L = Linear Products Databook; P = Precision Monolithics 
Division Databook. 

Boldface Type: Product recommended for new design. 

*New product. 
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Selection Guide 

Analog-to-Digital Converters 

Nonsampling Converters 


Conv 




Rate 

Reference 

Bus 



Res 

[LS 

Voltage 

Interface 

Package 

Model 

Bits 

max 

Int/Ext 1 

Bits 2 

Options 3 

ADC-908 

8 

6.0 

-10 V, Ext 

8, |xP 

2, 3, 4, 6 

AD670 

8 

10 

Int 

8, |xP 

1, 2, 4, 5 

AD7576 

8 

10 

1.23 V, Ext 

8, |jlP 

2, 3, 4, 5 

PM-7574 

8 

15 

-10 V, Ext 

8, |xP 

2, 3, 4, 6 

AD7574 

8 

15 

-10 V, Ext 

8, |mP 

2, 3,4 

AD570 

8 

25 

Int 

8 

1 

AD673 

8 

30 

Int 

8, ^jlP 

1,2,5 

AD7581 

8 

66.7 

-5 Vto (-15 V), Ext 

8, |xP 

2, 3, 5 

AD579 

10 

1.8 

10 V, Int 

10/Serial 

1 

ADC-910 

10 

6.0 

2.5 V, Int 

8, 10, ijlP 

3 

AD571 

10 

25 

Int 

10 

1 

AD573 

10 

30 

Int 

8/10, ijlP 

1, 2,5 

AD575 

10 

30 

Int 

Serial 

1, 2 

AD671-500 

12 

0.5 

5 V, Ext 

12 

1,2 

AD671-750 

12 

0.75 

5 V, Ext 

12 

1, 2 

*AD7586 

12 

1 

-4 V, Ext 

12, piP 

1, 2,5 

AD578 

12 

3 

10 V, Int 

12 

1 

*AD7572A 

12 

3 

Int 

8/12, |xP 

2, 3, 4, 6 

AD7672 

12 

3 

-5 V, Ext 

12, pP 

2, 3, 4, 5 

AD5240 

12 

5 

6.3 V, Int 

12 

1 

AD7572 

12 

5 

-5.25 V, Int 

8/12, |xP 

2, 3, 4, 5 

*ADC-170 

12 

5.6 

-5.25 V, Ext 

Serial 

2, 3, 6 

*AD774B 

12 

8 

10 V, Int 

8/12, |aP 

1, 2,6 

AD ADC84/85 

12 

10 

6.3 V, Int 

12 

1 

*ADC-912A 

12 

10 

-5 V, Ext 

12, fJLP 

2, 3,6 

ADC-912 

12 

12.5 

-5 V, Ext 

12, ijlP 

2, 3, 6 

AD5210 

12 

13 

- 10 V, Int/Ext 

12 

1 

AD674A 

12 

15 

10 V, Int 

8/12, |jlP 

1 

*AD674B 

12 

15 

10 V, Int 

8/12, §xP 

1, 2,6 

AD572 

12 

25 

10 V, Int 

12 

1 

AD ADC80 

12 

30 

6.3 V, Int 

12 

1 

AD574A 

12 

35 

10 V, Int 

8/12, julP 

1, 2, 4, 5 

AD5200 

12 

50 

-10 V, Int/Ext 

12 

1 

AD7578 

12 

100 

5 V, Ext 

8, |xP 

1, 2 

AD7582 

12 

100 

5 V, Ext 

8, |xP 

1, 2,5 


Temp 



Range 4 

Page 5 

Comments 

C, I, M 

CII 

CMOS, +5 V Operation, Fast 

C, I, M 

C II 

Single +5 V Supply, Including In- Amp and 
Reference 

C, I, M 

CII 

CMOS, Low Cost, Single Supply 

C, I, M 

CII 

CMOS, +5 V Operation 

C, I, M 

CII 

CMOS, +5 V Operation 

C, M 

CII 


C, M 

CII 


C, I 

CII 

CMOS 8-Bit ADC 

C, M 

CII 

High Speed with Low Power 

C, I, M 

CII 

Bipolar, Fast with Byte Output 

C, M 

CII 

Complete 10-Bit ADC 

C, M 

CII 

Complete 10-Bit ADC, Byte or Parallel Interface 

C, M 

CII 

Complete 10-Bit ADC with Serial Interface 

C, M 

CII 

12-Bit 500 ns Monolithic ADC 

C, M 

CII 

12-Bit 750 ns Monolithic ADC 

C,I 

CII 

CMOS 12-Bit, 1 MHz ADC 

C, M 

CII 

Complete, 3 |xs, 12-Bit ADC 

C, I, M 

CII 

Improved Version of Industry Standard 

C, I, M 

CII 

CMOS, Unipolar or Bipolar, -12 V, +5 V 

Supply 

C, M 

CII 

Industry Standard 

C, I, M 

CII 

CMOS 12-Bit ADC 

I, M 

CII 

Complete, 5.6 |xs, 12-Bit ADC in 8-Pin Mini-DIP 

C, I, M 

CII 

Faster Version of AD674B with 8 p,s Conversion 

C, I, M 

CII 

Industry Standard 

I,M 

CII 

CMOS, Improved Version of ADC-912 

C 

CII 

CMOS, Low Transition Noise 

I, M 

CII 

Industry Standard (AD52 11/12/14/15) 

C, M 

CII 

Complete 12-Bit ADC, Industry Standard 

Pinout 

C, I, M 

CII 

Improved Monolithic Version of AD674A 
and AD574A 

I, M 

CII 

12-Bit Successive Approximation ADC 

I 

CII 

Industry Standard 

C, M 

CII 

Complete ADC with Reference and Clock 

I, M 

CII 

Industry Standard (AD5201/02/04/05) 

C, I, M 

CII 

CMOS, 1 LSB Total Unadjusted Error 

C, I, M 

cn 

CMOS, 4 Channel, 1 LSB Total 

Unadjusted Error 
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Conv 




Rate 

Reference 

Bus 






Res 

|JLS 

Voltage 

Interface 

Package 

Temp 



Model 

Bits 

max 

Int/Ext 1 

Bits 2 

Options 3 

Range 4 

Page 5 

Comments 

AD 1377 

16 

10 

Int 

16, Serial 

1 

C 

CII 

Complete, High Speed 16-Bit ADC 
Operation over -25°C to +85°C 

AD 1376 

16 

17 

Int 

16, Serial 

1 

C 

CII 

Complete 16-Bit Converter; Industry 
Standard Pinout 

*AD1378 

16 

17 

Int 

16, Serial 

1 

M 

CII 

Complete 16-Bit Converter; MIL Temp 
Range; Industry Standard Pinout 

ADC 1140 

16 

35 

10 V, Int 

16 

Module 

C 

CII 

16-Bit ADC, Operates over -25°C 
to + 85°C Temperature Range 

AD ADC71 

16 

50 

6.3 V, Int 

16 

1 

c 

CII 

Industry Standard 

AD ADC72 

16 

50 

6.3 V, Int 

16 

1 

C,I 

CII 

Industry Standard 

AD1170 

18 

1000 

5 V, Int 

8 

2 

c 

CII 

7 to 22-Bit Programmable Integrating ADC 


‘Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

2 This column lists the data format for the bus with “p.P” indicating microprocessor capability— i.e., for a 13-bit converter 8/12, |xP indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

3 Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package; 

7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In- Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/ 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

4 Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to +125°C. 

5 C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume II; D - Data sheet available, consult factory; L = Linear Products Databook; P = Precision Monolithics 
Division Databook. 

Boldface Type: Product recommended for new design. 

*New product. 
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Selection Guide 

Analog-to-Digital Converters 


High Speed ADCs 




Through- 

Full Power 

Reference 

Bus 



Res 

put Rate 

BW 

Voltage 

Interface 

Package 

Model 

Bits 

MSPS min 

MHz typ 

Int/Ext 1 

Bits 2 

Options 3 

AD9006 

6 

470 

550 

±1 V, Ext 

6, pP 

4, 12 

AD9016 

6 

550 


±1 V, Ext 

Dual 6, pP 

4, 12 

AD9000 

6 

50 

20 

0.5-2 V, Ext 

6 

1,3 

AD9028 

8 

300 

250 

-2 V, Ext 

8 

4 

AD9038 

8 

300 

250 

-2 V, Ext 

Dual 8 

4 

AD770 

8 

200 

250 

±2 V, Ext 

8 

1 

AD9002 

8 

125 

160 

0.1-(— 2.1) Ext 

8 

1,4 


AD9012 

8 

75 

160 

-2 V, Ext 

8 

3,4 

*AD9058 

8 

50 

175 

+2 V, Int 

8 

1, 5, 14 

*AD9040 

10 

40 

50 

+1.2 V 

10 

3, 4,5 

*AD9032 

12 

25 

150 

Int 

12 

8 

*AD9034 

12 

20 

150 

Int 

12 

8 

*AD9005A 

12 

10 

38 

Int 

12 

8 

* AD 1671 

12 

1.25 

2 

2.5 V, Int 

12 

1, 2, 4, 5 

AD9003 

12 

1 

10 

Int 

12 

8 

*AD7886 

12 

.75 

1 

+5 V, Ext 

12, pP 

1, 2,5 

*AD9014 

14 

10 

60 

Int 

14 

Board 


Temp 

Range 4 

Page 5 

Comments 

C, M 

CII 

470 MSPS, 6-Bit ADC; 8.0 pF Input Capacitance 

C, M 

CII 

AD9006 with 1:2 Demultiplexed Data Output 

C, M 

CII 

Demultiplexing Circuitry 

MIL-STD-883, Rev. C, Devices Available; 

C, M 

CII 

Low Error Rate 

300 MSPS, 8-Bit ADC, Guaranteed Dynamic 

C, M 

CII 

Performance 

AD9028 with On-Board 1:2 Demultiplexed 

C, M 

CII 

Data Outputs 

High Bandwidth, Error Correction 

I, M 

CII 

Single Supply, Low Power, Low Input 

I, M 

CII 

Capacitance, MIL-STD-883, Rev. C 

Device Available 

TTL Outputs, Low Power, Low Input Cap 

C, M 

CII 

Dual 8-Bit, TTL Output 

C, M 

CII 

Low Cost, High Performance 10-Bit TTL 

C, M 

CII 

Monolithic 

World’s Fastest Complete 12-Bit ADC 

C, M 

CII 

20 Ms 

C, M 

CII 

Complete 12-Bit ADC with T/H, Reference 

C, I, M 

CII 

and Timing Circuitry 

Complete, Monolithic 12-Bit, 1.25 MSPS ADC 

C 

CII 

12-Bit, 1 MSPS ADC, Single 40-Pin DIP 

C, I, M 

CII 

CMOS, 12-Bit 750 kSPS Sampling ADC 

C 

CII 

Wide Spurious Free Dynamic Range 
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Sigma-Delta ADCs 



Res 

Input 

BW 

Through- 
put Rate 

Reference 

Voltage 

Bus 

Interface 

Package 

Temp 



Model 

Bits 

kHz 

kHz 

Int/Ext 1 

Bits 2 

Options 3 

Range 4 

Page 5 

Comments 

*AD776 

16 

50 

100 to 400 

2 V, Int 

Serial 

1,2 

C, I, M 

CII 

16-Bit 100 kSPS Oversampling ADC, Single Supply 

*AD7701 

16 

10 Hz 

4 

2.5 V, Ext 

Serial, pP 

2, 3,6 

I, M 

CII 

16-Bit Sigma-Delta ADC, 0.1-10 Hz Input Bandwidth 

*AD28msp02 

16 

4 

8 

2.5, Ext 

Serial, pP 

6 

C 

Cl 

Complete Voice Band Linear Codec with On-Chip 
Filtering, Single Supply 

*AD28msp01 

16 

3.4 

7.2/8.0/9.6 

2.5, Ext 

Serial, pP 

6 

C 

Cl 

Complete Analog Front End for High Performance, 
DSP-Based Modems, Single Supply 

*AD7716 

20 

18.5 to 
300 Hz 

0.075 
to 1.145 

2.5 V, Int 

Serial 

2,6 

C 

CII 

Quad 20-Bit Sigma Delta ADC, Low Power 
with BW up to 300 Hz 

*AD7703 

20 

10 Hz 

4 

2.5 V, Ext 

Serial, pP 

2, 3,6 

I, M 

CII 

20-Bit Sigma-Delta ADC, 0.1-10 Hz Input Bandwidth 

*AD7710 

21 

DC to 
262 Hz 

0.01 to 

1.0 

2.5 V, Int 

Serial, pP 

2, 3,6 

I, M 

CII 

21-Bit Sigma-Delta Signal Conditioning ADC 
for Thermocouple or mV Input 

*AD7711 

21 

DC to 
262 Hz 

0.01 to 

1.0 

2.5 V, Int 

Serial, pP 

2, 3, 6 

I, M 

CII 

Similar to AD7710 but for RTD or mV Input 

*AD7712 

21 

DC to 
262 Hz 

0.01 to 

1.0 

2.5 V, Int 

Serial, pP 

2, 3,6 

I, M 

CII 

Similar to AD7710 with Higher Input Voltage Range, 
More General Purpose 

*AD7713 

21 

DC to 
52.4 Hz 

2.0 to 

200 Hz 

2.5 V, Ext 

Serial, pP 

2, 3,6 

I, M 

CII 

Loop Powered 21-Bit Sigma-Delta Signal 

Conditioning ADC 


'Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

2 This column lists the data format for the bus with “(xP” indicating microprocessor capability— i.e., for a 13-bit converter 8/12, jjlP indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

3 Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package; 

7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/ 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

4 Temperature Ranges: C - Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25 C C to +85°C); M = Military, -55°C to +125°C. 

5 C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume II; D = Data sheet available, consult factory; L = Linear Products Databook; P = Precision Monolithics 
Division Databook. 

Boldface Type: Product recommended for new design. 

*New product. 
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Selection Guide 

Analog-to-Digital Converters 


Multiplexed ADCs 



Res 

# 

Conv 

Time 

SHA 

BW 

Bus 

Interface 

Reference 

Volt 

Package 

Temp 



Model 

Bits 

Chan 

|AS 

kHz 

Bits 1 

Int/Ext 2 

Options 3 

Range 4 

Page 5 

Comments 

AD7769 

8 

2 

2.5 

200 

8, pP 

Ext 

2,5 

C 

CII 

CMOS, Complete 2-Channel I/O Port with 
Input/Output Signal Conditioning 

AD7824 

8 

4 

2.5 

10 

8, pP 

0-5 V, Ext 

2, 3, 6 

C, I, M 

CII 

CMOS, On-Chip Track-Hold 

AD7828 

8 

8 

2.5 

10 

8, pP 

0-5 V, Ext 

2, 3, 4, 5 

C, I, M 

CII 

CMOS, On-Chip Track-Hold 

AD7581 

8 

8 

66.7 


8, pP 

-10 V, Ext 

2, 3,5 

c,i 

CII 

CMOS, 8-Channel DAS 

*AD1341 

12 

8/16 

6.67 


16, pP 

10 V, Int 

12 

C, M 

CII 

High Speed, 16-Channel Programmable 

12-Bit DAS with 25 ns Bus Interface 

AD1334 

12 

4 

15 

235 

12, pP 

-5 V, Int 

1 

I, M 

CII 

Four-Channel 65 kHz 12-Bit Sampling ADC 
for Digital Signal Processing, On-Chip FIFO 

*AD7874 

12 

4 

32.5 500 

(for 4 Channels) 

12, pP 

3 Vint 

2, 3, 6 

C, I, M 

CII 

CMOS, Simultaneous Sampling Four-Channel 

29 kHz ADC for ±10 V Input Signals 

AD363R 

12 

8/16 

40 


12, ixP 

10 V, Int 

1 

C, M 

CII 

High Speed, 16-Channel, 12-Bit DAS 

AD364R 

12 

8/16 

50 


12, p P 

10 V, Int 

1 

C, M 

CII 

16-Channel, 12-Bit DAS with Three-State Buffers 

AD7582 

12 

4 

100 


12, |xP 

4 V-6 V, Ext 

1, 2,5 

C, I, M 

CII 

CMOS, 1 LSB Total Unadjusted Error 

*AD7890 

12 

8 

10 

500 

Serial, |xP 

2.5 V, Ext 

2, 3,6 

I, M 

CII 

CMOS, 8-Channel Multiplexed ADC 
for ±10 V Input Signals 

*AD7891 

12 

8 

10 

500 

12, |jlP 

2.5 V, Ext 

10 

I, M 

CII 

CMOS, 8-Channel Multiplexed ADC 
for ±10 V Input Signals 
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Single DACs, Current Output 




Settling 

Time 

Bus 

Reference 






Res 

|JLS 

Interface 

Volt 

Package 

Temp 



Model 

Bits 

typ 

Bits 1 

Int/Ext (M) 2 

Options 3 

Range 4 

Page 5 

Comments 

AD9768 

8 

0.005 

8, |xP 

-1.26 V, Int 

1,4 

C, M 

Cl 

Ultrahigh Speed, ECL Compatible, 20 mA Output Current 

DAC-08 

8 

0.085 

8 

Ext (M) 

2, 3, 4, 6 

C, I, M 

Cl 

8-Bit High Speed Multiplying DAC 

DAC-20 

8 

0.085 

8 

10 V, Ext 

2,3 

C 

Cl 

2- Digit BCD High Speed Multiplying DAC 

PM-7524 

8 

0.10 

8, ilV 

Ext (M) 

2, 3, 4, 5, 6 

C, I, M 

Cl 

CMOS, Low Cost, 8-Bit Multiplying DAC with Latch 

AD7524 

8 

0.10 

8, liP 

Ext (M) 

2, 3, 4, 5, 6 

C, I, M 

Cl 

CMOS, Low Cost, 8-Bit Multiplying DAC with Latch 

D AC- 1408 A 

8 

0.25 

8 

Ext (M) 

2, 3,6 

c,i 

Cl 

8-Bit Multiplying DAC 

DAC-1508A 

8 

0.25 

8 

Ext (M) 

3 

M 

Cl 

8-Bit Multiplying DAC 

DAC-888 

8 

0.30 

8, pP 

Ext (M) 

3 

I, M 

Cl 

BYTEDAC 8-Bit High Speed Multiplying DAC 

AD9720 

10 

0.005 

10 

Int 

2, 3, 5, 14 

C, M 

Cl 

Ultrahigh Speed, ECL Compatible, Low Power, Low Glitch 

AD9721 

10 

0.005 

10 

Int 

2, 3, 5, 14 

C, M 

Cl 

Ultrahigh Speed, TTL Compatible, Low Power, Low Glitch 

DAC-10 

10 

0.085 

10 

Ext (M) 

2, 3,6 

C, M 

Cl 

10-Bit High Speed Multiplying DAC 

AD561 

10 

0.25 

10 

Int 

1,2 

C, M 

Cl 

Industry Standard 10-Bit DAC, JAN Part Available 

DAC-100 

10 

0.300 

10 

6.6 V, Int 

3 

C, I, M 

Cl 

10-Bit Current Output DAC 

DAC-86 

10 

0.500 

10 

Ext (M) 

3 

I 

Cl 

COMDAC Companding DAC (U-255 Law) 

DAC-88 

10 

0.500 

10 

Ext (M) 

3 

I 

Cl 

COMDAC Companding DAC (U-255 Law) 

DAC-89 

10 

0.500 

10 

Ext (M) 

3 

I 

Cl 

COMDAC Companding DAC (A-Law) 

PM-7533 

10 

0.60 

10 

Ext (M) 

2, 3, 5, 6 

C, I, M 

Cl 

CMOS, Low Cost, 10-Bit Multiplying DAC 

AD7533 

10 

0.60 

10 

Ext (M) 

2, 3, 4, 5, 6 

C, I, M 

Cl 

CMOS, Low Cost, 10-Bit Multiplying DAC 

AD97I2A 

12 

0.022 

12 

Int 

2, 3, 5, 14 

C, M 

Cl 

ECL Compatible, Low Glitch, 0.5 LSB DNL Typ 

AD9713A 

12 

0.027 

12 

Int 

2, 3, 5, 14 

C, M 

Cl 

TTL Compatible, Low Glitch, 0.5 LSB DNL Typ 

AD9712 

12 

0.030 

12 

-1.2 V, Int 

2, 5 

C, M 

Cl 

ECL Compatible Inputs, Low Glitch 

AD9713 

12 

0.030 

12 

-1.2 V, Int 

2,5 

C, M 

Cl 

TTL Compatible Inputs, Low Glitch 

AD568 

12 

0.035 

12 

Int 

3,4 

C, M 

Cl 

Highest Accuracy 12-Bit Ultrahigh Speed DAC 

AD668 

12 

0.05 

12 

Ext (M) 

3 

C, M 

Cl 

Multiplying 12-Bit Ultrahigh Speed DAC 

AD565A 

12 

0.25 

12 

10 V, Int 

1 

C, M 

Cl 

Industry Workhorse High Speed, JAN Part Available 


‘This column lists the data format for the bus with “jjlP” indicating microprocessor capability— i.e., for a 12-bit converter 8/12, |jlP indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

2 Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3 Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package; 

7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/ 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

4 Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to +125°C. 

5 C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume II; D = Data sheet available, consult factory; L = Linear Products Databook; P = Precision Monolithics 
Division Databook. 

Boldface Type: Product recommended for new design. 

*New product. 
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Single DACs, Current Output 

Settling 




Time 

Bus 

Reference 






Res 

(JIS 

Interface 

Volt 

Package 

Temp 



Model 

Bits 

typ 

Bits 1 

Int/Ext (M) 2 

Options 3 

Range 4 

Page 5 

Comments 

DAC-8043 

12 

0.25 

Serial, (jlP 

Ext (M) 

2, 3 

C, I, M 

Cl 

8-Pin Serial Input 12-Bit CMOS Multiplying DAC 

PM-7542 

12 

0.25 

4, piP 

Ext (M) 

2, 3, 4, 6 

C, I, M 

Cl 

CMOS, Nibble Load 12-Bit Multiplying DAC 

AD7542 

12 

0.25 

4, fxP 

Ext (M) 

1, 2, 3, 4, 5 

C, I, M 

Cl 

CMOS, Nibble Load 12-Bit Multiplying DAC 

*PM-6012 

12 

0.25 

12 

Ext (M) 

2, 3, 6 

I 

Cl 

Low Cost, High Speed 12-Bit Multiplying DAC 

D AC-3 12 

12 

0.25 

12 

Ext (M) 

2, 3, 6 

C, M 

Cl 

12-Bit High Speed Multiplying DAC 

AD DAC80-I 

12 

0.30 

12 

6.3 V, Int 

1 

C 

Cl 

Industry Standard, High Speed DAC 

AD DAC85-I 

12 

0.30 

12 

6.3 V, Int 

1 

I, M 

Cl 

Improved Industry Standard; High Speed DAC 

AD DAC87-I 

12 

0.30 

12 

6.3 V, Int 

1 

I, M 

Cl 

Improved Industry Standard, High Speed DAC 

AD566A 

12 

0.35 

12 

10 V, Ext 

1 

C, M 

Cl 

High Speed DAC 

AD7543 

12 

0.35 

Serial, pP 

Ext (M) 

1, 2, 3, 4, 

5 6 

C, I, M 

Cl 

CMOS, Serial Load 12-Bit Multiplying DAC 

DAC-8143 

12 

0.38 

Serial, jxP 

Ext (M) 

2, 3,6 

I, M 

Cl 

12-Bit Serial Input DAC 

PM-7543 

12 

0.38 

Serial, |jlP 

Ext (M) 

2, 3, 5, 6 

C, I, M 

Cl 

CMOS, Serial Load 12-Bit Multiplying DAC, Daisy Chain 

PM-7541A 

12 

0.60 

12 

Ext (M) 

2, 3, 4, 5, 6 

C, I, M 

Cl 

CMOS, 12-Bit Multiplying DAC 

AD7541A 

12 

0.60 

12 

Ext (M) 

2, 3, 4, 5 

C, I, M 

Cl 

CMOS, 12-Bit Multiplying DAC 

DAC-8012 

12 

1.0 

12, pP 

Ext (M) 

2, 3,5 

C, I, M 

Cl 

12-Bit CMOS DAC with Memory and Readback 

PM-7548 

12 

1.0 

8, (iP 

Ext (M) 

2, 3, 5, 6 

C, I, M 

Cl 

CMOS, Byte Load 12-Bit DAC, Single or Dual Supply 

AD7548 

12 

1.0 

8, pP 

Ext (M) 

2, 3, 4, 5, 6 

C, I, M 

Cl 

CMOS, Byte Load 12-Bit DAC, Single or Dual Supply 

AD562 

12 

1.5 

12 

Ext 

1 

C, I, M 

Cl 

Industry Standard, JAN Part Available 

AD563 

12 

1.5 

12 

2.5 V, Int 

1 

C, M 

Cl 

Industry Standard 

AD7545A 

12 

1.0 

12, pP 

Ext (M) 

2, 3, 4, 5 

C, I, M 

Cl 

CMOS, Improved AD7545 

PM-7545 

12 

1.0 

12, pP 

Ext (M) 

2, 3, 4, 5, 6 

C, I, M 

Cl 

CMOS, Parallel Load 12-Bit Multiplying DAC 

PM-7645 

12 

1.0 

12, pP 

Ext (M) 

2, 3,4 

C, I, M 

Cl 

PM-7545 Specified for +15 V Operation 

AD7545 

12 

2.0 

12, pP 

Ext (M) 

2, 3, 4, 5 

C, I, M 

Cl 

CMOS, Parallel Load 12-Bit Multiplying DAC 

AD7534 

14 

1.5 

8, |iP 

Ext (M) 

2, 3,5 

C, I, M 

Cl 

CMOS, Byte Load 

AD7535 

14 

1.5 

8/14, pP 

Ext (M) 

2, 3, 4, 5 

C, I, M 

Cl 

CMOS, Parallel or Byte Load 

AD7536 

14 

1.5 

8/14, jjlP 

Ext (M) 

2, 3, 4, 5 

C, I, M 

Cl 

CMOS, Parallel or Byte Load, Bipolar Output 

AD7538 

14 

1.5 

14, pP 

Ext (M) 

2, 3, 6 

C, I, M 

Cl 

CMOS, Parallel Load 

*DAC-16 

16 

0.5 

16 

Ext (M) 

1,2 

I, M 

Cl 

16-Bit High Speed Multiplying DAC 

AD DAC71-I 

16 

1.0 

16 

6.3 V, Int 

1, 7 

C 

Cl 

High Resolution 16-Bit DAC 

AD DAC72-I 

16 

1.0 

16 

6.3 V, Int 

1, 7 

C,I 

Cl 

High Resolution 16-Bit DAC 
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Single DACs, Voltage Output 

Settling 



Res 

Time 

*ts 

Bus 

Interface 

Reference 

Volt 

Package 

Temp 



Model 

Bits 

typ 

Bits 1 

Int/Ext (M) 2 

Options 3 

Range 4 

Page 5 

Comments 

AD557 

8 

0.8 

8, pP 

Int 

2, 5 

C 

Cl 

Lowest Cost 8-Bit DACPORT™; Single 4-5 V Supply 

AD7569 

8 

1.0 

8, pP 

Int 

2, 3, 4, 5, 6 

C, I, M 

CH 

CMOS, Complete 8-Bit DAC/ADC/SHA/ Reference 

AD558 

8 

3.0 

8, pP 

Int 

1, 2, 4, 5 

C, M 

Cl 

10 V Out DACPORT, Single or Dual Supply 

*PM7224 

8 

5.0 

8, pP 

2-12.5 V, Ext 

2, 3, 4, 5, 6 

C, I, M 

Cl 

CMOS, Low Cost 8-Bit DAC 

AD7224 

8 

5.0 (max) 

8, pP 

2-12.5 V, Ext 

2, 3, 4, 5, 6 

C, I, M 

Cl 

CMOS, Low Cost 8-Bit DAC 

DAC-06 

10 

1.5 

10 

6.7 V, Int 

1 

C, M 

Cl 

Twos Complement Input Coding 

D AC-2 10 

10 

1.5 

10 

7.6 V, Int 

1 

C, I 

Cl 

Sign-Magnitude/Internal Reference 

DAC-05 

10 

2.0 

10 

6.7 V, Int 

1 

C, M 

Cl 

Sign-Magnitude for Unipolar Output 

DAC-02 

10 

2.0 

10 

6.7 V, Int 

1 

C, M 

Cl 

Sign-Magnitude/Bipolar Output 

AD7848 

12 

2.5 

12, pP 

Int (+3 V), Ext 

2, 3,5 

C, I 

Cl 

CMOS, Complete 12-Bit DAC with 8-Word FIFO 

AD7845 

12 

2.5 

12, pP 

Ext (M) 

2, 3, 4, 5, 6 

C, I, M 

Cl 

CMOS, 12-Bit Multiplying DAC with Output Amplifier 

AD DAC80-V 

12 

3.0 

12 

6.3 V, Int 

1 

c 

Cl 

Improved Industry Standard 

AD DAC85-V 

12 

3.0 

12 

6.3 V, Int 

1 

I, M 

Cl 

Improved Industry Standard 

AD DAC87-V 

12 

3.0 

12 

6.3 V, Int 

1 

I, M 

Cl 

Improved Industry Standard 

AD667 

12 

3.0 

4/8/12, pP 

10 V, Int 

1, 2, 4, 5 

C, I, M 

Cl 

Highest Accuracy Complete 12-Bit DAC 

AD767 

12 

3.0 

12, pP 

10 V, Int 

1,2 

C, I, M 

Cl 

Fastest Interface Complete 12-Bit DAC 

AD7233 

12 

10 (max) 

Serial, pP 

Int 

2 

I 

Cl 

Smallest 12-Bit Serial DACPORT (8-Pin) 

Bipolar ±5 V Output Range 

*AD7243 

12 

10 (max) 

Serial 

Int (+5 V), Ext 

2, 3,6 

I, M 

Cl 

Low Cost 12-Bit Serial DACPORT in 16-Pin Package 

AD7245A 

12 

10 (max) 

12, pP 

5 V, Int 

2, 3, 4, 5, 6 

C, I, M 

Cl 

Faster Interface, 12 V and 15 V AD7245 

AD7248A 

12 

10 (max) 

8, pP 

5 V, Int 

2, 3, 5, 6 

C, I, M 

Cl 

Faster Interface, 12 V and 15 V AD7248 

AD7245 

12 

10 (max) 

12, pP 

5 V, Int 

2, 3, 4, 5 

C, I, M 

Cl 

CMOS, 12 -Bit Complete DAC, Parallel Load 

AD7248 

12 

10 (max) 

8, pP 

5 V, Int 

2, 3, 4, 5 

C, I, M 

Cl 

CMOS, 12-Bit Complete DAC, Byte Load 

AD7840 

14 

2.0 

14/Serial, pP 

Int (+3 V), Ext 

2, 3,5 

C, I, M 

Cl 

CMOS, 14-Bit Complete DAC, Parallel or Serial Load 

*AD766 

16 

1.5 

Serial, pP 

Int 

1, 2 

C, I, M 

Cl 

Zero-Chip Interface 16-Bit DSP DACPORT 

AD569 

16 

3.0 

8/16, pP 

±5 V, Ext (M) 

1,2 

I, M 

Cl 

Monolithic, 16-Bit Monotonic DAC 

AD DAC71-V 

16 

5.0 

16 

6.3 V, Int 

1, 7 

C 

Cl 

High Resolution 16-Bit DAC 

AD DAC72-V 

16 

5.0 

16 

6.3 V, Int 

1, 7 

c, I 

Cl 

High Resolution 16-Bit DAC 

AD7846 

16 

6 

16, pP 

Ext (M) 

1, 2, 4, 5 

C, I, M 

Cl 

CMOS, 16-Bit Multiplying DAC with Readback 
Capability 


‘This column lists the data format for the bus with “p,P” indicating microprocessor capability— i.e., for a 12-bit converter 8/12, jjlP indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 
bits) and is microprocessor compatible. 

2 Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

^Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package; 

7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/ 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 — Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

4 Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, — 55°C to +125°C. 

5 C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume II; D = Data sheet available, consult factory; L = Linear Products Databook; P = Precision Monolithics 
Division Databook. 

Boldface type: Product recommended for new design. 

*New product. 

DACPORT is a trademark of Analog Devices, Inc. 
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Single DACS, Voltage Output 


Model 

Res 

Bits 

Settling 

Time 

flS 

typ 

Bus 

Interface 

Bits 1 

Reference 

Volt 

Int/Ext (M) 2 

Package 

Options 3 

Temp 

Range 4 

Page 5 

Comments 

*AD669 

16 

8 

16, jxP 

10 V, Int 

2, 3,6 

I, M 

Cl 

Monolithic, Complete 16-Bit DAC 

DAC1136 

16 

8 

16 

6 V, Int 

Module 

C 

Cl 

High Resolution and Accuracy 

ADI 147 

16 

20 

16, jxP 

10 V, Int 

2 

I 

Cl 

Internal 8-Bit Latched Input DACs 

ADI 148 

16 

20 

16, |xP 

10 V, Int 

2 

I 

Cl 

for Offset and Gain Adjust 

Separate 8-Bit Bus for Internal Offset and 

DAC1138 

18 

10 

18 

6 V, Int 

Module 

C 

Cl 

Gain Adjust DACs 

High Resolution and Accuracy 

ADI 139 

18 

40 

18, |jiP 

-10 V, Int 

1 

c 

Cl 

True 18-Bit Accuracy 


Video Graphics DACs 

Res 

Rate 

Update Rate 

Palette 


Package 

Temp 



Model 

Bits 

MHz min 

Size 

Reference 

Options 3 

Range 4 

Page 5 

Comments 

*ADV477/ADV475 

6/8 

80, 66, 50, 35 

256 

V (Int.) 

2,5 

C 

Cl 

Low Power, Power Down RAM-DAC 

*ADV473 

8 

100, 80, 66, 50, 35 

256 

V/I (Int.) 

5 

C 

Cl 

True-Color Video RAM-DAC (Triple 8-Bit) 

*ADV101 

8 

80, 50, 30 

— 

V 

2,5 

c 

Cl 

CMOS, Triple 8-Bit Video DAC 

AD9701 

8 

225 

— 

— 

1, 3,4 

I, M 

Cl 

Single 8-Bit Video DAC 

*ADV7150 

10 

170, 135, 110, 85 

256 

V 

10 

C 

Cl 

High Speed, True-Color Video RAM-DAC, 
(Triple 10-Bit) 4x1 Multiplexing 

*ADV7151 

10 

170, 135, 110, 85 

256 

V 

10 

C 

Cl 

High Speed, Pseudo-Color Video RAM-DAC, 
(Triple 10-Bit) 

*ADV7152 

10 

170, 135, 110, 85 

256 

V 

10 

C 

Cl 

High Speed, Pseudo-Color Video RAM-DAC, 
(Triple 10-Bit) 2x1 Multiplexing 
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Multiple DACs, Voltage Output 



Res 

Settling 

Time 

Bus 

Interface 

Reference 

Voltage 

# of 

Package 

Temp 



Model 

Bits 

jA,styp 

Bits 1 

Int/Ext 2 

DACs 

Options 3 

Range 4 

Page 5 

Comments 

AD7669 

8 

1.0 

8, |jlP 

Int 

2 

2, 5, 6 

C, I, M 

CII 

CMOS, Complete 8-Bit Dual 
DAC/ADC/SHA/Reference 

DAC-8228 

8 

2.0 

8, kUP 

Ext (M) 

2 

2, 3, 6 

I, M 

Cl 

CMOS, PM-7528 Pinout with 

Voltage Output 

DAC-8229 

8 

2.0 

8, |ulP 

Ext (M) 

2 

2, 3, 6 

I, M 

Cl 

CMOS, Single or Dual Supply 

Operation 

AD7769 

8 

2.5 

8, fiP 

Ext 

2 

2,5 

C,I 

CII 

CMOS, Complete 8-Bit Dual DAC/ 

2-Channel ADC 

DAC-8426 

8 

3.0 

8, |xP 

10 V, Int 

4 

2, 3, 6 

I, M 

Cl 

CMOS, Complete with 10 V Reference, 
Improved Timing 

PM-7226A 

8 

3.0 

8, |jlP 

Ext (M) 

4 

2, 3,6 

I, M 

Cl 

CMOS, Improved Timing, Specified 
for +5 V to +15 V Operation 

AD7226 

8 

3.0 

8, jjiP 

2-12.5 V, Ext 

8 

2, 3, 4, 5, 6 

C, I, M 

Cl 

CMOS, No User Trims, Specified 
with Single or Dual Supplies 

AD7225 

8 

5.0 (max) 

8, |aP 

2-12.5 V, Ext 

4 

2, 3, 4, 5, 6 

C, I, M 

Cl 

CMOS, Separate References for 

Each DAC 

AD7228 

8 

5.0 (max) 

8, p,P 

2-10 V, Ext 

8 

2, 3, 4, 5, 6 

C, I, M 

Cl 

CMOS, Specified for Single or 

Dual Supply, Skinny 20-Pin DIP 

*AD7228A 

8 

5.0 (max) 

8, pP 

2-10 V, Ext 

8 

2, 3, 5, 6 

C, I, M 

Cl 

CMOS, Specified for Single or 

Dual Supply, Skinny 20-Pin DIP 

AD75004 

12 

2 

12, p-P 

5 V, Int 

4 

2,5 

C 

Cl 

Fastest Quad 12-Bit Voltage Output DAC 

*AD7242 

12 

2 

Serial, pP 

3 V, Int 

2 

2, 3,6 

C,I 

Cl 

Complete ±5 V 12-Bit Dual DAC 

AD392 

12 

4 

12, jxP 

Int 

4 

8 

c 

Cl 

Fast Bus Access Time (<40 ns), 

Data Readback Capability 

AD390 

12 

4 

12, pP 

10 V, Int 

4 

1 

C, M 

Cl 

Double Buffered, Simultaneous Update 

*AD7837 

12 

5 

8, ptP 

Ext (M) 

2 

2, 3,6 

C, I, M 

Cl 

CMOS, MDAC, Byte Load, Double Buffered 

*AD7847 

12 

5 

12, |xP 

Ext (M) 

2 

2, 3,6 

C, I, M 

Cl 

CMOS MDAC, Parallel Load 

DAC-8412 

12 

6 

12, piP 

Ext 

4 

1, 2, 4, 5 

I, M 

Cl 

Readback, Reset to Midscale, Low Power 
Quad DAC, +5 V to ±15 V Operation 

*DAC-8413 

12 

6 

12, jjlP 

Ext 

4 

1, 2, 4, 5 

I, M 

Cl 

Equivalent to DAC-8412 with Reset to 

Zero Scale 


‘This column lists the data format for the bus with “|jlP” indicating microprocessor capability— i.e., for a 12-bit converter 8/12, |xP indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 
bits) and is microprocessor compatible. 

2 Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3 Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package; 

7 = Hermetic Metal Can; 8 = Hermetic Metal Gan DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/ 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

4 Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. 

5 C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume II; D = Data sheet available, consult factory; L = Linear Products Databook; P = Precision Monolithics 
Division Databook. 

Boldface type: Product recommended for new design. 

*New product. 
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Selection Guide 

Digital-to-Analog Converters 

Multiple DACs, Voltage Output 



Res 

Settling 

Time 

Bus 

Interface 

Reference 

Voltage 

# of 

Package 

Temp 



Model 

Bits 

ixs typ 

Bits 1 

Int/Ext 2 

DACs 

Options 3 

Range 4 

Page 5 

Comments 

*AD7850 

12 

8 

12, pP 

5 V, Int 

8 

5 

C, I 

Cl 

Monolithic Octal 12-Bit Voltage Output DAC 

AD7237 

12 

10 (max) 

8, pP 

Int (+5 V), Ext 

2 

2, 3,6 

C, I, M 

Cl 

CMOS, Complete 12-Bit Dual DAC, 

Byte Load 

AD7247 

12 

10 (max) 

12, pP 

Int (+5 V), Ext 

2 

2, 3,6 

C, I, M 

Cl 

CMOS, Complete 12-Bit Dual DAC, 

Parallel Load 

AD664 

12 

10 

12, pP 

Ext (M) 

4 

1, 2, 4, 5 

C, I, M 

Cl 

Readback, Reset, Low Power Quad DAC 

AD394 

12 

10 

12, pP 

Ext (M) 

4 

1 

C, M 

Cl 

Four Independent Reference Inputs, 

Bipolar Outputs 

AD395 

12 

10 

12, |xP 

Ext (M) 

4 

1 

C, M 

Cl 

Four Independent Reference Inputs, 

Unipolar Outputs 

*AD7244 

14 

2 

Serial, |xP 

+3 V, Int 

2 

2, 3,6 

C, I, M 

Cl 

Complete ±5 V 14-Bit Dual DAC 

AD396 

14 

10 

8, pP 

Ext (M) 

4 

1 

C, M 

Cl 

Four Independent Reference Inputs, 

Bipolar Output, Simultaneous Update 
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Multiple DACs, Current Output 


Model 

Res 

Bits 

Settling 

Time 

UStyp 

Bus 

Interface 

Bits 1 

Reference 

Voltage 

Int/Ext 2 

# of 
DACs 

Package 

Options 3 

Temp 

Range 4 

Page 5 

Comments 

PM7528 

8 

0.18 

8, |aP 

Ext (M) 

2 

2, 3, 4, 5, 6 

C, I, M 

Cl 

CMOS, Single Supply Operation, TTL 

AD7528 

8 

0.18 

8, pP 

Ext (M) 

2 

2, 3, 4, 5, 6 

C, I, M 

Cl 

Compatible at V DD = +5 V 

CMOS, +5 V to +15 V Operation, TTL 

PM-7628 

8 

0.20 

8, pP 

Ext (M) 

2 

2, 3, 4, 5, 6 

I, M 

Cl 

Compatible at V DD = +5 V 

CMOS, +5 V or +15 V Operation, 

AD7628 

8 

0.35 

8, pP 

Ext (M) 

2 

2, 3, 4, 5, 6 

C, I, M 

Cl 

Improved Timing 

CMOS, +12 V to +15 V Operation, TTL 

D AC-8221 

12 

0.45 

12, pP 

Ext (M) 

2 

2, 3, 4, 6 

C, I, M 

Cl 

Compatible at V DD = 12 V to 15 V 

CMOS, Buffered Inputs, +5 V Operation 

*AD7564 

12 

0.2 

Serial, pP 

Ext (M) 

4 

6 

I 

Cl 

Single +5 V Supply, Separate References, 

*AD7568 

12 

0.2 

Serial, |xP 

Ext (M) 

8 

10 

I 

Cl 

28-Pin SOIC Package 

Single +5 V Supply, Separate References, 

DAC-8212 

12 

1.0 

12 

Ext (M) 

2 

2, 3, 5 

C, I, M 

Cl 

44-Pin PQFP 

CMOS, +5 V or +15 V Single Supply Operation 

DAC-8222 

12 

1.0 

12, pP 

Ext (M) 

2 

2, 3, 4, 6 

C, I, M 

Cl 

CMOS, Double Buffered Inputs, Parallel Load 

DAC-8248 

12 

1.0 

8, pP 

Ext (M) 

2 

2, 3,6 

C, I, M 

Cl 

CMOS, Double Buffered Inputs, Byte Load 

AD7537 

12 

1.5 (max) 

8, pP 

Ext (M) 

2 

2, 3, 4, 5 

C, I, M 

Cl 

CMOS, Byte Load, Double Buffered 

AD7547 

12 

1.5 (max) 

12, pP 

Ext (M) 

2 

2, 3, 4, 5, 6 

C, I, M 

Cl 

CMOS, Parallel Load 

AD7549 

12 

1.5 (max) 

4, pP 

Ext (M) 

2 

2, 3, 4, 5 

C, I, M 

Cl 

CMOS, Nibble Load, Double Buffered 


’This column lists the data format for the bus with “|xP” indicating microprocessor capability— i.e., for a 12-bit converter 8/12, |xP indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 
bits) and is microprocessor compatible. 

2 Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3 Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package; 

7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/ 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

4 Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, — 55°C to +125°C. 

5 C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume II; D = Data sheet available, consult factory; L = Linear Products Databook; P = Precision Monolithics 
Division Databook. 

Boldface type: Product recommended for new design. 

*New product. 
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Selection Guide 

Operational Amplifiers 


Low Noise Amplifiers 

Voltage Voltage Current 
Noise Noise Noise 


Model 

en 

typ 

1 kHz 
nVVHz 

en 

typ 

10 kHz 
nVVHz 

In ± In— 

typ 

1 kHz 
pAVHz 

Ib 

typ 

nA 

Vos 

mV 

typ 

GBW 

MHz 

typ 

SR 

V/jJLS 

typ 

Settling 
Time 
ns to % 

typ 

Acl 

min 

V/V 

Package 

Options 1 

Temp 

Range 2 

Page 3 

Comments 

AD9610 

1.6 

0.7 

32/32 

5000 

0.3 

100 

3500 

1 - 0.1 

1 

2 

I, M 

L 

Wide Bandwidth, Fast Settling 

AD9617 

2.0 

1.3 

32/32 

12000 

0.5 

570 

1400 

10-0.1 

±1 

2, 3, 6, 12 

C, I, M 

L 

Low Distortion, Wide Bandwidth 

AD9618 

2.0 

1.3 

32/32 

10000 

0.5 

8000 

1800 

9-0.1 

+5, -1 

2, 3, 6, 12 

C, I, M 

L 

Low Distortion, Wide Bandwidth 

OP-227 

3 

3.5 

0.4 

10 

0.02 

8 

2.8 

— 

1 

3 

C, I, M 

P 

Dual Matched Precision 

*AD745 

3.2 

2.9 

0.007 

0.150 

0.1 

20 

12.5 

5000-0.01 

5 

2, 3,6 

C, I, M 

D 

Ultralow Noise, High Speed, BiFET Op Amp 

AD743 

3.2 

2.9 

0.007 

0.15 

0.1 

4.5 

2.8 

— 

1 

2, 3,6 

C, I, M 

L 

Ultralow Noise FET Input 

OP-270 

3.2 

3.6 

0.6 

5 

0.01 

5 

2.4 

— 

1 

2, 3, 4, 6 

I, M 

P 

Dual Monolithic 

OP-470 

3.2 

3.8 

0.4 

6 

0.1 

6 

2 

— 

1 

2, 3, 4, 6 

I, M 

P 

Quad Monolithic, Low Noise 

OP-50 

4.5 

5.5 

0.23 

1 

0.01 

25 

3 

— 

5 

3 

I, M 

P 

High Output Current 

AD645 

9 

8 

0.6/0. 6 

0.0007 

0.1 

2 

2 

- 

1 

2,7 

C, I, M 

L 

FET Input, Low I B 
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High Speed Amplifiers 


Model 

SR 

V/jjis 

typ 

GBW 

MHz 

typ 

Settling 
Time 
ns to % 

typ 

| 

< > 

Vos 

mV 

typ 

loUT 

mA 

min 

Supply 

Current 

mA 

typ 

Package 

Options 1 

Temp 

Range 2 

Page 3 Comments 

AD9610 

3500 

100 

18-0.1 

1 

0.3 

50 

21 

7 

I, M 

L Wide Bandwidth, Fast Settling 

AD9618 

1800 

8000 

10-0.1 

-1 

0.2 

60 

31 

2, 3, 6, 12 

C, I, M 

L Low Distortion, Wideband, 

AD9617 

1600 

570 

10-0.1 

1 

0.4 

60 

34 

2, 3, 6, 12 

C, I, M 

IMD < -70 dBc at 20 MHz 

L Low Distortion, Wide Bandwidth, 

OP-44 

120 

23 

200-0.1 

3 

0.3-1. 5 

20 

6.5 

3,7 

I, M 

IMD< -70 dBc at 20 MHz 

P High Speed, Precision 

AD744 

75 

13 

500-0.01 

+2, -1 

0.3 

25 

3.5 

2, 3, 6, 7 

C, I, M 

L FET Input, Fast Settling, High Speed. 

AD746 

75 

13 

500-0.01 

+2, -1 

0.3 

25 

3.5 

2, 3, 6, 7 

C, I, M 

Custom Compensation 

L Dual AD744 

OP-17 

60 

30 

600-0.1 

1 

0.2-0. 5 

5.5 

4.6 

2, 3, 6, 7 

C, I, M 

P Precision, Low Power 

OP-42 

58 

10 

800-0.01 

1 

0.3-1. 5 

20 

5.1 

2, 3, 4, 6, 7 

I, M 

P Precision, Fast Settling 

PM-157A 

45 

20 

4000-0.01 

1 

1 

5 

5 

3, 7 

C, M 

P Improved Industry Standard 

OP-16 

25 

8 

900-0.1 

1 

0.2-0. 5 

5.5 

4.6 

2, 3, 6, 7 

C, I, M 

P Precision, Low Power 

OP-01 

18 

2.5 

700-0.1 

1 

0.3-2 

6 

1.6 

2, 3,7 

C, M 

P Inverting, High Speed 

OP-15 

13 

6 

1200-0.1 

1 

0.2-0. 5 

5.5 

2.7 

2, 3, 6, 7 

C, I, M 

P Precision, Low Power 

*AD745 

12.5 

2.0 

5000-0.01 

5 

0.1-0.25 

20 

8 

2, 3, 6 

C, I, M 

D Ultralow Noise, High Speed, 

PM-156A 

12 

4.5 

4000-0.01 

1 

1 

5 

5 

3, 4,7 

C, M 

BiFET Op Amp 

P Improved Industry Standard 

*OP-282 

9.0 

4 

1500-0.01 

1 

1 

10 

0.5 

2, 3, 6 

I 

D Dual High Speed, Low Power 

*OP-482 

9.0 

4 

1500-0.01 

1 

2 

10 

1.0 

2, 3,6 

I 

D Quad High Speed, Low Power 


‘Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package; 

7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/ 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

2 Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to +125°C. 

3 C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume II; D = Data sheet available, consult factory; L = Linear Products Databook; P = Precision Monolithics 
Division Databook. 

Boldface Type: Product recommended for new design. 

*New product. 
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Precision Amplifiers 


Model 

Vos 

l*V 

max 

V os TC 

pV/°C 

max 

Noise 
pV p-p 

0.1-10 Hz 
typ 

GBW 

MHz 

typ 

Slew 

Rate 

V/ps 

typ 

Ib 

nA 

max 

CMRR 

dB 

f = 1 kHz 

typ 

Package 

Options 1 

Temp 

Range 2 

Page 3 

OP-177 

10-60 

0. 1-1.2 

0.35 

0.6 

0.3 

1.5-2. 8 

110 

2, 3, 6 

I, M 

P 

AD707 

15-90 

0 . 1 - 1.0 

0.23 

0.9 

0.3 

1.0-2. 5 

100 

2, 3, 6, 7 

C, I, M 

L 

OP-77 

25-100 

0. 3-1.2 

0.35 

0.6 

0.3 

2-2.8 

105 

2, 3, 4, 6, 7 

C, I, M 

P 

OP-50 

25-100 

0.3-1 

0.12 

25 

3 

5-10 

85 

3 

I, M 

P 

AD708 

30-100 

0.3-1. 0 

0.23 

0.9 

0.3 

1.0-2. 5 

100 

2, 3, 6, 7 

C, I, M 

L 

AD705 

25-90 

0.6-1. 2 

0.5 

0.8 

0.15 

0.1-0.15 

110 

2, 3,6 

C, I, M 

L 

OP-97 

25-75 

0.6-2 

0.5 

0.9 

0.2 

0.1-0.15 

100 

2, 3, 4, 6,7 

I, M 

P 

AD OP-27 

25-100 

0.6-1. 8 

0.08 

8 

2.8 

40-80 

123 

2, 3, 7 

C, I, M 

L 

AD OP-37 

25-100 

0.6-1. 8 

0.08 

63 (GBP) 

17 

40-80 

123 

2, 3,7 

C, I, M 

L 

AD OP-07 

25-150 

0.6-2. 5 

0.35 

0.6 

0.17 

2-12 

95 

2, 3, 6, 7 

C, M 

L 

OP-07 

25-150 

0.6-2. 5 

0.35 

0.6 

0.3 

2-12 

98 

2, 3, 4, 6, 7 

C, I, M 

P 

PM-1012 

35-50 

1.5 

0.5 

0.5 

0.2 

0.1-0.15 

100 

2, 3, 6, 7 

C, I, M 

P 

AD706 

50-100 

0. 6-1.5 

0.5 

0.8 

0.15 

0.15-0.25 

110 

2, 3,6 

C, I, M 

L 

AD704 

50-100 

1.0-1. 5 

0.5 

0.8 

0.15 

0.15-0.25 

110 

2, 3, 6 

C, I, M 

L 

ADS 17 

50-100 

1.3-3 

2 

0.25 

0.1 

0.25-2 

94 

7 

C, M 

L 

OP-297 

50-200 

0.6-2 

0.3 

0.5 

0.15 

0. 1-0.2 

105 

2, 3, 6 

I, M 

P 

*OP-497 

50-150 

0.5-1. 5 

0.3 

0.5 

0.15 

0. 1-0.2 

130 

2, 3, 4, 6 

I, M 

D 

OP-200 

75-200 

0.5-2 

0.5 

0.5 

0.15 

2-5 

110 

2, 3, 4, 6 

I, M 

P 

OP-270 

75-250 

1-3 

0.08 

5 

2.4 

20-60 

115 

2, 3, 4, 6 

I, M 

P 

OP-227 

80-180 

1-1.8 

0.08 

8 

2.8 

40-80 

125 

3 

I, M 

P 

OP-207 

100-200 

1.3-1. 8 

0.35 

0.6 

0.2 

3-7 

98 

3 

C, M 

P 

OP-21 

100-500 

1-5 

— 

0.6 

0.25 

100-150 

60 

2, 3, 6, 7 

I, M 

P 

PM- 1008 

120 

1.5 

0.5 

0.5 

0.2 

0.1 

100 

2, 3,7 

C, M 

P 

OP-400 

150-300 

1.2-2. 5 

0.5 

0.5 

0.15 

3-7 

110 

2, 3, 4, 6 

C, I, M 

P 

OP-90 

150-450 

2-5 

3 

— 

- 

15-25 

80 

2, 3, 4, 6 

I, M 

P 

OP-221 

150-500 

1.5-3 



0.6 

0.3 

80-120 

60 

2, 3, 6, 7 

C, I, M 

P 

OP-220 

150-750 

1.5-3 

— 

0.2 

0.05 

20-30 

30 

2, 3, 6, 7 

C, I, M 

P 

OP-290 

200-500 

3-5 

3 

0.02 

- 

15-25 

100 

2, 3, 4, 6 

I, M 

P 


Comments 

Highest Precision 
High Precision 
Next Generation OP-07 
Low Noise, High Output 
Current A vcl s= 5 
Dual AD707 

Low I B Precision Bipolar 
Low Power OP-07 
Ultralow Noise 

Combines Precision and Speed 
Improved Industry Standard 
Low Offset Voltage 
Low Power, Low I B 
Dual AD705 
Quad AD705 

Dual Precision, Low Power, 

Low I B 

Quad Precision, Low I B 
Dual Monolithic, Precision 
Dual Monolithic, Low Power 
Dual Matched, Low Noise 
Dual Matched, Precision 
Low Power, Single Supply 
Low I B , Low Power 
Quad, Monolithic, Precision 
Micropower, Low Voltage, 
Single Supply 

Dual Low Power, Single Supply 
Dual Micropower, Single Supply 
Dual Micropower, Low Voltage 
Single Supply 
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Noise Slew CMRR 



Vos 

V os TC 

mV p-p 

GBW 

Rate 

Ib 

dB 






pV 

fiV/°C 

0.1-10 Hz 

MHz 

V/jjls 

nA 

f = 1 kHz 

Package 

Temp 



Model 

max 

max 

typ 

typ 

typ 

max 

typ 

Options 1 

Range 2 

Page 3 

Comments 

AD547 

250-1000 

1-5 

2 

1 

3 

0.025-0.05 

60 

7 

C, M 

L 

Low Drift BiFET 

AD647 

250-1000 

2.5-10 

4 

l 

3 

0.035 

76 

4, 7 

C, M 

L 

Dual AD547 

OP-20 

250-1000 

1.5-7 

— 

0.1 

0.05 

25-40 

30 

2, 3, 6, 7 

C, I, M 

P 

Micropower, Single Supply 

OP-43 

250-1500 

5-10 

— 

2.4 

6 

0.005-0.02 

100 

2,7 

C, I, M 

P 

Low I B , Fast 

AD548 

250-2000 

2-20 

2 

1 

1.8 

0.03-0.015 

83 

2, 3, 6, 7 

C, I, M 

L 

Low Power BiFET 

AD648 

100-2000 

3-20 

2 

1 

1.8 

0.03-0.015 

83 

2, 3, 6, 7 

C, I, M 

L 

Dual AD548 

OP-41 

250-2000 

5-10 

— 

0.5 

1.3 

0.005-0.02 

100 

2, 6, 7 

C, I, M 

P 

Low I B 

OP-22 

300-1000 

1.5-3 

— 

0.25 

0.08 

5-10 

60 

2, 3, 6, 7 

C, I, M 

P 

Micropower, Programmable 
Micropower, Fast, Programma- 

OP-32 

300-1000 

1.5-3 

— 

4.5 

1.5 

5-10 

90 

2, 3 

C, I, M 

P 

ble 

OP-470 

400-1000 

2-4 

0.08 

6 

2 

25-60 

110 

2, 3, 4, 6 

C, I, M 

P 

Quad, Low Noise 


'Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package; 

7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/ 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

2 Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to +125°C. 

3 C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume II; D = Data sheet available, consult factory; L = Linear Products Databook; P = Precision Monolithics 
Division Databook. 

Boldface Type: Product recommended for new design. 

*New product. 
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Low Cost, General Purpose Amplifiers 


Settling 

Time Noise 



Vos 

V os TC 

Ib 

BW 

SR 

M'S 

mV p-p 





mV 

jjlV/°C 

nA 

MHz 

V/ps 

0.01% 

0.1-10 Hz 

Package 

Temp 


Model 

max 

max 

max 

typ 1 

typ 

typ 

typ 

Options 2 

Range 3 

Page 4 

OP-177 

0.01-0.06 

0.1-1. 2 

1. 5-2.8 

0.6 

0.3 

— 

0.35 

2, 3, 6 

I, M 

P 

AD707 

0.015-0.09 

0.1-1 

1-2.5 

0.9 

0.15 

— 

0.23 

2, 3, 6, 7 

C, I, M 

L 

AD705 

0.025-0.09 

0.6-2.0 

0.1-0.15 

0.8 

0.15 

— 

0.5 

2, 3,6 

C, I, M 

L 

AD704 

0.05-0.10 

0.6-1. 5 

0.15-0.25 

0.8 

0.15 

8 

0.5 

2, 3, 6 

C, I, M 

L 

AD706 

0.05-0.10 

1.0-1.5 

0.15-0.25 

0.8 

0.15 

8 

0.5 

2, 3, 6 

C, I, M 

L 

♦OP-497 

0.05-0.15 

0.5-1. 5 

0. 1-0.2 

0.5 

0.15 

— 

0.3 

2, 3, 4, 6 

I, M 

D 

OP-77 

0.025-0.1 

0.3-1.2 

2-2.8 

0.6 

0.3 

— 

0.35 

2, 3, 4, 6, 7 

C, I, M 

P 

AD OP-07 

0.025-0.15 

0.6-2. 5 

3-12 

0.6 

0.17 

— 

0.35-0.38 

2, 3, 6, 7 

C, M 

L 

OP-07 

0.025-0.15 

0.6-2. 5 

2-12 

0.6 

0.3 

— 

0.35 

2, 3, 4, 6, 7 

C, I, M 

P 

OP-97 

0.025-0.2 

0.6-2 

0.1-0.15 

0.9 

0.2 

— 

0.5 

2, 3, 4, 6, 7 

I, M 

P 

PM- 1012 

0.035-0.05 

1.5 

0.1-0.15 

0.5 

0.2 

— 

0.5 

2, 3, 6, 7 

I, M 

P 

PM- 1008 

0.12 

1.5 

0.1 

0.5 

0.2 

— 

0.5 

2, 3,7 

C, M 

P 

OP-05 

0.15-1.3 

0.9-2 

2-3 

0.6 

0.3 

— 

0.35 

2, 3,7 

C, M 

P 

AD548 

0.25-2 

2-20 

0.01-0.02 

1 

1.8 

8 

2 

2, 3, 6,7 

C, I, M 

L 

AD542 

0.5-2 

5-20 

0.025-0.05 

1 

3 

— 

2 

7 

C, M 

L 

AD544 

0.5-2 

5-20 

0.025-0.05 

2 

13 

— 

2 

7 

C, M 

L 

OP-02 

0.5-5 

8-10 

30-100 

1.3 

0.5 

— 

0.65 

2, 3,7 

C, M 

P 

OP-11 

0.5-5 

10-15 

300-500 

3 

1 

— 

0.7 

2, 3, 4, 6 

C, I, M 

P 

OP-09 

0.5-5 

10-15 

300-500 

3 

1 

— 

0.7 

3 

C, M 

P 

OP-01 

0.7-5 

8-20 

30-100 

2.5 

18 

— 

— 

2, 3,7 

C, M 

P 

OP-04 

0.75-5 

8-20 

50-100 

1.3 

0.5 

— 

0.65 

3,7 

I, M 

P 

OP-14 

0.75-5 

8-20 

50-100 

1.3 

0.5 

— 

0.65 

2, 3, 6, 7 

I, M 

P 

♦OP-282 

1.5 

10 

0.1 

4 

9 

— 

1.3 

2, 3, 6 

I 

D 

♦OP-482 

2.5 

10 

0.1 

4 

9 

— 

1.3 

2, 3,6 

I 

D 

AD741 

3-6 

20 

200-500 

1 

0.5 

— 

— 

2,7 

C, I, M 

L 


Comments 

Highest Precision Performance 

Very High DC Precision 

Low I B Precision Bipolar 

Quad AD705 

Dual AD705 

Quad OP-97 

Next Generation OP-07 

Improved Industry Standard 

Industry Standard Precision 

Low Power, Low I B OP-07 

Low Power, Low I B 

Low Power Precision 

Instrumentation Operational Amplifier 

Low Power, High Performance 

High Performance BiFET 

High Performance BiFET 

Improved “741” 

Improved Quad “741” 

Improved “4136,” Quad 
Inverting, High Speed 
Improved “747” 

Improved “1458,” Dual 
Dual, High Speed, Low Power 
Quad, High Speed, Low Power 
Improved Second Source 
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Low Power/Micropower Amplifiers 



ISY 

Vos 

Ib 

GBW 

SR 






max 

max 

max 

typ 

typ 

Package 

Temp 



Model 

mA 

mV 

nA 

MHz 

V/jxs 

Options 2 

Range 3 

Page 4 

Comments 

OP-22 

0.0002-0.4 

0.3-1 

5-10 

0.25 

0.08 

2, 3, 6, 7 

I, M 

P 

Programmable, Single Supply 

OP-32 

0.0005-2 

0.3-1 

5-10 

4.5 

1.5 

2,3 

I, M 

P 

Fast, Programmable A VCL 2= 10, Single Supply 

OP-90 

0.02 

0.15-0.45 

15-25 

0.02 

— 

2, 3, 4, 6 

I, M 

P 

Micropower, Low Voltage Single Supply 

OP-290 

0.04 

0.2-0. 5 

15-25 

0.02 

— 

2, 3, 4, 6 

I, M 

P 

Dual, Micropower, Low Voltage, Single Supply 

OP-20 

0.08 

0.25-1 

25-40 

0.1 

0.05 

2, 3, 4, 6 

I, M 

P 

Micropower, Single Supply, Low Cost 

OP-490 

0.08 

0.5-1 

15-25 

0.02 

— 

2, 3, 4, 6 

I, M 

P 

Quad, Micropower, Low Voltage, Single Supply 

OP-220 

0.17 

0.15-0.75 

20-30 

0.2 

0.05 

2, 3, 6, 7 

I, M 

P 

Dual, Low Cost, Micropower, Single Supply 

AD548 

0.2 

0.25-0.2 

0.01-0.02 

1.0 

1.8 

2, 3,7 

C, I, M 

L 

Precision Low Power BiFET Op Amp 

OP-80 

0.325 

1.5 

0.00025-0.001 

0.3 

0.4 

2, 6,7 

I, M 

P 

Low I B , CMOS 

OP-420 

0.36 

2.5-6 

20-40 

0.15 

0.05 

2, 3, 4, 6 

I, M 

P 

Quad, Low Cost, Micropower, Single Supply 

OP-21 

0.3-0.4 

0. 1-0.5 

100-150 

0.6 

0.25 

2, 3, 6, 7 

I, M 

P 

Low Cost, Low Power, Single Supply 

*OP-282 

0.5 

2.0 

0.1 

4 

9 

2, 3,6 

I 

D 

Dual, High Speed 

AD648 

0.4 

0.4-2.0 

0.005-.01 

1.0 

1.8 

2, 3,7 

C, I, M 

L 

Dual, Precision Low Power BiFET Op Amp 

PM- 1008 

0.6 

0.12 

0.1 

3.5 

0.2 

2, 3, 6, 7 

C, M 

P 

Low Power 

OP-97 

0.6 

0.025-0.075 

0.1-0.15 

0.9 

0.2 

2, 3, 4, 6, 7 

I, M 

P 

Precision, Low I B 

AD705 

0.6 

0.025-0.09 

0.1-0.15 

0.8 

0.15 

2, 3,6 

C, I, M 

L 

Picoampere Input Current Bipolar Op Amp 

PM- 1012 

0.6 

0.035-0.05 

0.1-0.15 

0.5 

0.2 

2, 3, 6, 7 

C, I, M 

P 

Precision, Low I B 

OP-221 

0.8 

0.15-0.5 

80-120 

0.6 

0.3 

2, 3, 6, 7 

I, M 

P 

Dual, Low Cost, Low Power, Single Supply 

OP-41 

1 

0.25-2 

0.005-0.02 

0.5 

1.3 

2, 6,7 

I, M 

P 

Low Power, Low I B 

*OP-482 

1.0 

3.0 

0.1 

4 

9 

2, 3,6 

I 

D 

Quad, High Speed 

OP-43 

1-1.2 

0.25-1.5 

0.005-0.025 

2.4 

6 

2,7 

I, M 

P 

Fast, Low Power, Low I B 

AD706 

1.2 

0.05-0.1 

0.11-0.2 

0.8 

0.15 

2, 3,6 

C, I, M 

L 

Dual, Picoampere Input Current Bipolar Op Amp 

*OP-297 

1.25 

0.05-0.2 

0.1-0.2 

0.5 

0.15 

2, 3, 4, 6 

I, M 

D 

Dual, Precision, Low I B 

OP-200 

1.45 

0.075-0.2 

2-5 

0.5 

0.15 

2, 3, 4, 6 

I, M 

P 

Dual, Precision 

OP-421 

1.8 

2.5-6 

50-150 

1.9 

0.5 

2, 3,6 

I, M 

P 

Quad, Low Cost, Low Power, Single Supply 

AD704 

2.4 

0.075-0.150 

0.15-0.17 

1.0 

0.15 

2, 3,6 

C, I, M 

D 

Quad, Picoampere Input Current Bipolar Op Amp 

*OP-497 

2.5 

0.05-0.15 

0. 1-0.2 

0.5 

0.15 

2, 3, 4, 6 

I, M 

D 

Quad, Highest Precision, Low Power 

OP-400 

2.9 

0.15-0.3 

3-7 

0.5 

0.15 

2, 3, 4, 6 

C, I, M 

P 

Quad, Precision 


‘Unity gain small signal bandwidth. 

2 Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package; 

7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In- Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/ 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

3 Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to +125°C. 

4 C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume II; D = Data sheet available, consult factory; L = Linear Products Databook; P = Precision Monolithics 
Division Databook. 

Boldface Type: Product recommended for new design. 

*New product. 
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Low Input Current Amplifiers 




Input Impedance 


CMRR 


Vos 





Ib 

Differential Common Mode 

dB 

Vos 

TC BW 





pA 


nilpF 


f=l kHz mV 

pV/°C MHz Package 

Temp 



Model 

max 


typ 


typ 

max 

max typ 1 Options 2 

Range 3 

Page 

4 Comments 

AD549 

0.06-0.25 

10 13 ||1 

10 15 ||0.8 


62 

0.25-1 

5-20 1 7 

C, M 

L 

Monolithic, Lowest I B 

AD515A 

0.075-0.3 

10 13 ||1.6 

10 15 ||0.8 


62 

1-3 

15-50 1 7 

C 

L 

Lower Cost AD515 Replacement 

OP-80 

0.25-1 

— 



90 

1.5 

0.3 2, 6, 7 

I, M 

P 

Low Cost CMOS 

AD546 

0.5-1 

10 13 ||1 

10 15 ||0.8 


62 

1-2 

20 1 2 

C 

L 

Precision Low Cost Electrometer 

AD645 

1.5-3 

10 13 ||1 

10 14 ||3 


94 

0.25-0.5 

1-5 2 2, 7 

C, I, M 

L 

Low Noise, Precision BiFET 

AD545A 

1-2 

10 13 ||1.6 

10 15 ||0.8 


62 

0.25-1 

3-25 1 7 

C 

L 

Lower Cost AD545 Replacement 

OP-41 

5-20 

— 



98 

0.25-2 

5-10 0.5 2, 6, 7 

C, I, M 

P 

High Stability JFET 

AD548 

10-20 

10 12 ||3 

3 x 10 12 

l|3 

84 

0.25-2 

2-20 1 2, 3, 6, 7 

C, I, M 

L 

Low Power, Low Cost 

OP-43 

5-25 

— 



98 

0.25-1.5 

5-10 2.4 2, 7 

I, M 

P 

Low I B , Fast A vcl ^ 3 

AD547 

25-50 

10 12 ||6 

10 12 ||13 


60 

0.25-1 

1-5 1 7 

C, M 

L 

Low Drift 

PM-155A 

50 

— 



90 

2 

5 2.5 3, 7 

C, M 

P 

Improved Industry Standard 

PM-156A 

50 

— 



90 

2 

5 4.5 3, 7 

C, M 

P 

Improved Industry Standard 

PM-157A 

50 

— 



90 

2 

5 20 3, 7 

C, M 

P 

Improved Industry Standard 

OP-15 

50-200 

— 



90 

0.5-3 

5-15 6 2, 3, 6, 7 

C, I, M 

P 

Precision BiFET 

OP-16 

50-200 

— 



90 

0.5-3 

5-15 8 2, 3, 6, 7 

C, I, M 

P 

Precision BiFET 

OP-17 

50-200 

— 



90 

0.5-3 

5-15 30 2, 3, 6, 7 

C, I, M 

P 

Fast, Precision BiFET 

Quad Operational Amplifiers 










Vos 



Slew 

Settling 






Vos 

TC 


BW 

Rate 

Time 0.01% 






mV 

pV/°C 

pA 

MHz 

V/ps 

to 0.01% 

Package Temp 




Model 

max 

max 

max 

typ 1 

typ 

ps typ 

Options 2 Range 3 Page' 

1 Comments 


AD704 

0.05-0.10 

0.6-1. 5 

150-250 

0.8 

0.15 

— 

2, 3, 6 C, I, M L 

Quad AD705 

, Low I B Precision Bipolar 

*OP-497 

0.05-0.15 

0.5-1. 5 

150-200 

0.5 

0.15 

— 

2, 3, 4, 6 I, M D 

Low Power, 

Low I B Precision Bipolar 

OP-400 

0.15-0.3 

1.2-2. 5 

3-7 

0.5 

0.15 

— 

2, 3, 4, 6 C, I, M P 

Quad Monolithic, Precision 

OP-470 

0.4-1 

2-4 

25-60 

6 

2 

— 

2, 3, 4, 6 C, I, M P 

Quad Monolithic, Low Noise 

OP-490 

0.5-1 

5 

15-25 

0.02 

— 

— 

2, 3, 4, 6 I, M P 

Micropower, Low Voltage, Single Supply 

OP-11 

0.5-5 

10-15 

300-500 

3 

1 

— 

2, 3, 4, 6 C, I, M P 

Improved Quad “741” 

*OP-482 

3.0 

10 

0.1 

4.0 

9 

1.5 

3, 4, 6 I D 

High Speed, 

Low Power 

PM- 148/248 

2.5 

— 

75 

0.8 

0.4 

— 

3 I, M P 

Improved Industry Standard 

OP-421 

2.5-6 

10-15 

50-150 

1.9 

0.5 

— 

2, 3, 6 I, M P 

Low Power, 

Low Cost, Single Supply 

OP-420 

2.5-6 

10-25 

20-40 

0.15 

0.05 

- 

2, 3, 4, 6 I, M P 

Micropower, Low Cost, Single Supply 
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Dual Operational Amplifiers 


Model 

Vos 

mV 

max 

Vos 

TC 

ptV/°C 

max 

Ib 

nA 

max 

BW 

MHz 

typ 1 

Slew 

Rate 

V/|AS 

typ 

Settling 
Time 
to 0.01% 

M- s 

typ 

Package 

Options 2 

Temp 

Range 3 

Page 4 

Comments 

AD708 

0.03-0.1 

0.3-1. 0 

1-2.5 

0.9 

0.3 


2, 3,7 

C, I, M 

L 

Highest DC Precision; Excellent 

AD706 

0.05-0.10 

0.6-1. 5 

0.15-0.25 

0.8 

0.15 


2, 3, 6 

C, I, M 

L 

Matching Between Amps, Dual AD707 
Dual AD705, Low I B Precision Bipolar 

*OP-297 

0.05-0.2 

0.6-2 

0. 1-0.2 

0.5 

0.15 

— 

2, 3, 6 

I, M 

D 

Precision, Low Power, Low I B 

OP-200 

0.075-0.2 

0.5-2 

2-5 

0.5 

0.15 

— 

2, 3, 4, 6 

I, M 

P 

Dual Monolithic, Precision 

OP-270 

0.075-0.25 

1-3 

20-60 

5 

2.4 

— 

2, 3, 4, 6 

I, M 

P 

Dual Monolithic, Low Noise 

OP-227 

0.08-0.18 

1-1.8 

40-80 

8 

2.8 

— 

3 

I, M 

P 

Dual Matched, Low Noise 

OP-207 

0. 1-0.2 

1.3-1. 8 

3-7 

0.6 

0.2 

— 

3 

C, M 

P 

Dual Matched, Precision 

OP-221 

0.15-0.5 

1.5-3 

80-120 

0.6 

0.3 

— 

2, 3, 6, 7 

C, I, M 

P 

Low Power, Single Supply 

OP-220 

0.15-0.75 

1.5-3 

20-30 

0.2 

0.05 

- 

2, 3, 6, 7 

C, I, M 

P 

Micropower, Single Supply 

OP-290 

0.2-0. 5 

3-5 

15-25 

0.02 

— 

— 

2, 3, 4, 6 

I, M 

P 

Micropower, Low Voltage Single Supply 

AD647 

0.25-1 

2.5-10 

0.035-0.075 

1 

3 


4, 7 

C, M 

L 

Dual AD547 

AD746 

0.25-1 

3-20 

0.15 

13 

75 

0.5 

2, 3, 7 

C, I, M 

L 

Precision, Fast Settling, Dual AD744 

AD648 

0.3-2 

3-20 

0.01-0.02 

1 

1.8 

8 

2, 3, 7 

C, I, M 

L 

Low Power, BiFET, Dual AD548 

OP-10 

0.5 

2-4.5 

3-7 

0.6 

0.17 

— 

3 

C, M 

P 

Dual Matched, Precision 

AD642 

0.5-2 

— 

0.035-0.075 

1 

3 

— 

7 

C, M 

L 

Dual AD542 

AD644 

0.5-2 

— 

0.035-0.075 

2 

13 

__ 

7 

C, M 

L 

Dual AD544 

OP-14 

0.75-5 

8-20 

50-100 

1.3 

0.5 

— 

2, 3, 6, 7 

I, M 

P 

General Purpose, Low Cost 

OP-215 

1-4 

10 

0. 1-0.3 

5.7 

18 

0.9-0. 1 

2, 3, 4, 6, 7 

C, I, M 

P 

High Speed, Precision 

*OP-282 

2.0 

10 

0.1 

4.0 

9 

1.5 

3, 4,6 

I 

D 

High Speed, Low Power 


'Unity gain small signal bandwidth. 

2 Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package; 

7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/ 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

3 Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to + 85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. 

4 C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume II; D = Data sheet available, consult factory; L = Linear Products Databook; P = Precision Monolithics 
Division Databook. 

Boldface Type: Product recommended for new design. 

*New product. 
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Unity Gain Buffers 



-3 dB 


Settling 

Rise 









BW 

SR 

Time 

Time 

loUT 

Vos 

Iss 






MHz 

V/fJLS 

to 0.02% 

IV Step 

mA 

mV 

mA 

Package 

Temp 



Model 

typ 

min 

ns typ 

ns typ 

min 

typ 

max 

Options 1 

Range 2 

Page 3 

Comments 

AD9630 

750 

1800 

8 

0.9 

50 

3 

26 

2, 3, 6, 12 

I, M 

L 

High Performance, Wideband Buffer 

AD9620 

600 

2200 

8 

0.8 

40 

2 

48 

1 

I, M 

L 

High Performance, Low Harmonic Distortion Buffer 


'Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package; 

7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/ 
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array. 

2 Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, — 40°C to +85°C (Some older products -25°C to +85°C); M = Military, — 55°C to + 125°C. 

3 C I = Data Converter Reference Manual, Volume I; C II = Data Converter Reference Manual, Volume II; D = Data sheet available, consult factory; L = Linear Products Databook; P = Precision Monolithics 
Division Databook. 

Boldface Type: Product recommended for new design. 

*New product. 



Application Notes 

Contents 


Page 

Application Notes - Section 11 11-1 

AN- 15 - Minimization of Noise in Operational Amplifier Applications 11-3 

AN- 102 - Very Low Noise Operational Amplifier 11-15 

AN- 105 - Applications of the MAT-04, A Monolithic Matched Quad Transistor 11-19 

AN-111 - A Balanced Summing Amplifier 11-27 

AN- 112 - A Balanced Input High Level Amplifier 11-29 

AN-113 - An Unbalanced, Virtual Ground Summing Amplifier 11-31 

AN- 114 - A High Performance Transformer - Coupled Microphone Preamplifier 11-33 

AN-115 - Balanced, Low Noise Microphone Preamplifier Design 11-35 

AN- 116 - AGC Amplifier Design with Adjustable Attack and Release Control 11-37 

AN- 121 - High Performance Stereo Routing Switcher 11-39 

AN- 122 - A Balanced Mute Circuit for Audio Mixing Consoles 1 1—43 

AN-123 - A Constant Power “Pan” Control Circuit for Microphone Audio Mixing 11-45 

AN- 124 - Three High Accuracy RIAA/IEC MC and MM Phono Preamplifiers 11-47 

AN- 125 - A Two-Channel Dynamic Filter Noise Reduction System 11-53 

AN-127 - An Unbalanced Mute Circuit for Audio Mixing Channels 11-55 

AN- 128 - A Two-Channel Noise Gate 11-57 

AN- 129 - A Precision Sum and Difference (Audio Matrix) Circuit 11-59 

AN- 130 - A Two-Band Audio Compressor/Limiter . 11-61 

AN- 131 - A Two-Channel VCA Level (Volume) Control Circuit 11-63 

AN-133 - A High-Performance Compandor for Wireless Audio Systems 11-65 

AN- 134 - An Automatic Microphone Mixer 11-69 

AN- 135 - The Morgan Compressor/Limiter 11-73 

AN- 136 - An Ultralow Noise Preamplifier 11-81 

AN-142 - Voltage Adjustment Applications of the DAC-8800 TrimDAC™, an Octal, 8-Bit D/A Converter 11-83 

AN-201 - How to Test Basic Operational Amplifier Parameters 11-97 

AN-202 - An I.C. Amplifier Users’ Guide to Decoupling, Grounding, and Making Things Go Right for a Change 11-101 

AN-205 - Video Formats & Required Load Terminations . . 11-109 

AN-206 - Analog Panning Circuit Provides Almost Constant Output Power 11-113 

AN-207 - Interfacing Two 16-Bit AD1856 (AD1851) Audio DACs with the Philips SAA7220 Digital Filter 11-117 

AN-208 - Understanding LOGDACs™ 11-121 

AN-209 - 8th Order Programmable Low Pass Analog Filter Using Dual 12-Bit DACs 11-125 

AN-211 - The Alexander Current Feedback Audio Power Amplifier 11-133 

AN-212 - Using the AD834 in DC to 500 MHz Applications RMS-to-DC Conversion, 

Voltage-Controlled Amplifiers and Video Switches 11-149 

AN-213 - Low-Cost, Two-Chip Voltage-Controlled Amplifier and Video Switch 11-159 

AN-214 - Ground Rules for High-Speed Circuit Layout and Wiring Are Critical in Video-Converter Circuits, 

How to Keep Interference to a Minimum 11-165 

AN-215A - Designer’s Guide to Flash-ADC Testing - Part 1, Flash ADCs Provide the Basis for 

High Speed Conversion 11-169 

AN-215B - Designers’ Guide to Flash-ADC Testing - Part 2, DSP Test Techniques Keep Flash ADCs in Check 11-177 

AN-215C - Designers’ Guide to Flash-ADC Testing - Part 3, Measure Flash-ADC Performance 
for Trouble-Free Operation 11-183 


APPLICATION NOTES 11-1 



Page 


AN-216 - Video VCAs and Keyers Using the AD834 and AD811 11-193 

AN-217 - Audio Applications of the ADSP Family 11-201 

AN-218 - DSP Multirate Filters 11-205 

AN-219 - Electronic Adjustment Made Easy with the TrimDAC™ 11-215 


11-2 APPLICATION NOTES 



□ ANALOG AN-15 

DEVICES APPLICATION NOTE 

ONE TECHNOLOGY WAY • P.O. BOX 9106 • NORWOOD, MASSACHUSETTS 02062-9106 • 617/329-4700 


Minimization of Noise in Operational Amplifier Applications 


INTRODUCTION 

Since operational amplifier specifications such as Input Offset 
Voltage and Input Bias Current have improved tremendously in 
the past few years, noise is becoming an increasingly important 
error consideration. To take advantage of today’s high perfor- 
mance op amps, an understanding of the noise mechanisms 
affecting op amps is required. This paper examines noise 
contributions, both internal and external to an op amp, and 
provides practical methods for minimizing their effects. 

BASIC NOISE PROPERTIES 

Noise, for purposes of this discussion, is defined as any signal 
appearing in an op amp’s output that could not have been 
predicted by DC and AC input error analysis. Noise can be 
random or repetitive, internally orexternally generated, current 
or voltage type, narrowband or wideband, high frequency or 
low frequency; whatever its nature, it can be minimized. 

The first step in minimizing noise is source identification in 
terms of bandwidth and location in the frequency spectrum; 
some of the more common sources are shown in Figure 1, an 
11-decade frequency spectrum chart. Some preliminary obser- 
vations can be made: noise is present from DC to VHF from 
sources which may be identified in terms of bandwidth and 
frequency. Noise source bandwidths overlap, making noise a 
composite quantity at any given frequency. Most externally 


caused noise is repetitive ratherthan random and can be found 
at a definite frequency. Noise effects from external sources 
must be reduced to insignificant levels to realize the full 
performance available from a low noise op amp. 

EXTERNAL NOISE SOURCES 

Since noise is a composite signal, the individual sources must 
be identified to minimize their effects. For example, 60Hz power 
line pickup is a common interference noise appearing at an op 
amp’s output as a 16ms sine wave. In this and most other 
situations, the basic tool for external noise source frequency 
characterization is the oscilioscope sweep rate setting. Recog- 
nizing the oscilloscope’s potential in this area, Tektronix® 
manufactures an oscilloscope vertical amplifier with variable 
upper and lower -3dB points, which allows quick noise source 
frequency identification. Another basic identification tool is the 
simple low pass filter as shown in Figure 2, where the bandpass 
is calculated by: 

(1) f ° ~ 2nHC 

With such a filter, measurement bandpass can be changed from 
10Hz to 100kHz (C = 4.7/uF to 470pF), attenuating higher fre- 
quency components while passing frequencies of interest. Once 
identified, noise from an external source may be minimized by the 
methods outlined in Table 1— the external noise source chart. 

Tektronix® is a registered trademark of Tektronix, Inc., Oregon. 


FIGURE 1: Frequency Spectrum of Noise Sources Affecting Operational Amplifier Performance 
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TABLE 1: Externa! Noise Source Chart 


Source 

Nature 

Causes 

Minimization Methods 

60Hz 

Repetitive Interference 

Powerlines physically close to op amp 
inputs. Poor CMRR at 60Hz. Power 
transformer primary-to-secondary capa- 
citive coupling. 

Reorientation of power wiring. Shielded 
transformers. Single point grounding. 
Battery power. 

120Hz Ripple 

Repetitive 

Full wave rectifier ripple on op amp’s 
supply terminals. Inadequate ripple 
consideration. Poor PSRR at 120Hz. 

Thorough design to minimize ripple. 
RC decoupling at the op amp. Battery 
power. 

180Hz 

Repetitive EMI 

180Hz radiated from saturated 60Hz 
transformers. 

Physical reorientation of components. 
Shielding. Battery power. 

Radio Stations 

Standard AM Broadcast 
Through FM 

Antenna action anyplace in system. 

Shielding. Output filtering. Limited cir- 
cuit bandwidth. 

Relay and Switch Arcing 

High Frequency Burst 

At Switching Rate 

Proximity to amplifier inputs, power 
lines, compensation terminals, or null- 
ing terminals. 

Filtering of HF components. Shielding. 
Avoidance of ground loops. Arc sup- 
pressors at switching source. 

Printed Circuit Board 
Contamination 

Random Low Frequency 

Dirty boards or sockets. 

Thorough cleaning at time of soldering 
followed by a bakeout and humidity 
sealant. 

Radar Transmitters 

High Frequency Gated 

At Radar Pulse 

Repetition Rate 

Radar transmitters from long range 
surface search to short range naviga- 
tional— especially near airports. 

Shielding. Output filtering of frequen- 
cies > PRR. 

Mechanical Vibration 

Random < 100Hz 

Loose connections, intermittent con- 
tact in mobile equipment. 

Attention to connectors and cable 
conditions. Shock mounting in severe 
environments. 

Chopper Frequency 

Noise 

Common Mode Input 

Current At Chopping 
Frequency 

Abnormally high noise chopper ampli- 
fier in system. 

Balanced source resistors. Use bipolar 
input op amps instead. Use premium 
low noise chopper. 

Switching Power 

Supply 

Repetitive High Frequency 
Glitches In Supply 

And Ground 

Improper ground return. Radiated noise 
from switching circuit. 

Analog ground return to AC return. 
Shield power supply. Liberal power 
supply bypass at the op amp. 


FIGURE 2: Noise Frequency Analysis RC Low Pass Filter 



Power Supply Ripple 

Power supply ripple at 120Hz is not usually thought of as a 
noise, but it should be. In an actual op amp application, it is 
quite possible to have a 120Hz noise component that is equal in 
magnitude to all other noise sources combined, and, for this 
reason, it deserves a special discussion. 

To be negligible, 120Hz ripple noise should be between lOnV 
and lOOnV referred to the input of an op amp. Achieving these 
low levels requires consideration of three factors: the op amp’s 
120Hz power supply rejection ratio (PSRR), the regulator’s ripple 
rejection ratio, and finally, the regulator’s input capacitor size. 

PSRR at 120Hz for a given op amp may be found in the 
manufacturer’s data sheet curves of PSRR versus frequency as 
shown in Figure 3. For the amplifier shown, 120Hz PSRR is 


FIGURE 3: PSRR vs Frequency (OP-77) 



about 76dB, and to attain a goal of lOOnV referred to the input, 
ripple at the power terminals must be less than 0.6mV. Today’s 
1C regulators provide about 60dB of ripple rejection; in this case 
the regulator input capacitor must be made large enough to 
limit input ripple to 0.6V. 
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Externally-compensated low noise op amps can provide im- 
proved 120Hz PSRR in high closed-loop gain configurations. 
The PSRR versus frequency curves of such an op amp are 
shown in Figure 4. When compensated for a closed-loop gain of 
1000, 120Hz PSRR is 115dB. PSRR is still excellent at much 
higher frequencies allowing low ripple-noise operation in 
exceptionally severe environments. 

FIGURE 4: PSRR vs Frequency (OP-06) 



Power Supply Bypassing 

Usually, 120Hz ripple is not the only power supply associated 
noise. Series regulator output typically contain at least 150^V of 
noise in the 100Hz to 100kHz range; switching types contain 
even more. Unpredictable amounts of induced noise can also 
be present on power leads from many sources. Since high 
frequency PSRR decreases at 20dB/decade, these higher 
frequency supply noise components must not be allowed to 
reach the op amp’s power terminals. RC decoupling, as shown 
in Figure 5, will adequately filter most wideband noise. Some 
caution must be exercised with this type of decoupling, as load 
current changes will modulate the voltage at the op amp's 
supply pins. 

FIGURE 5: RC Decoupling 



Power Supply Regulation 

Any change in power supply voltage will have a resultant effect 
referred to an op amp’s inputs. For the op amp of Figure 3, PSRR 
at DC is 126dB (0.5juV/V) which may be considered as a 
potential low frequency noise source. Power supplies for low 
noise op amp applications should, therefore, be both low in 
ripple and well-regulated. Inadequate supply regulation is often 
mistaken to be low frequency op amp noise. 

When noise from external sources has been effectively mini- 
mized, further improvements in low noise performance are 
obtained by specifying the right op amp and through careful 
selection and application of the associated components. 

OPERATIONAL AMPLIFIER INTERNAL NOISE 

Most completely specified low-noise op amp data sheets 
specify current and voltage noises in a 1 Hz bandwidth centered 
on 10Hz, 100Hz, and 1kHz, as well as low frequency noise over a 
range of 0.1 Hz to 10Hz. To minimize total noise, a knowledge of 
the derivation of these specifications is useful. In this section, 
the reader is provided with an explanation of basic op amp- 
associated random noise mechanisms and introduced to a 
simplified method for calculating total input-referred noise in 
typical applications. 

Op amp-associated noise currents and voltages are random in 
nature. They are aperiodic and uncorrelated to each other; and 
typically have Gaussian amplitude distributions, with the high- 
est noise amplitudes having the lowest probability. There is a 
statistical relationship between the peak-to-peak value of 
random noise and its rms value. Where the amplitude distri- 
bution is Gaussian, the rms value may be multiplied by six to 
yield a peak-to-peak value that will not be exceeded 99.73% of 
the time (this is a handy rule-of-thumb for noise calculations). 

Noise Model of Op Amps 

In the calculation of op amp circuit noise, it is customary to refer 
all noise to the input. Figure 6 completely models the input- 
referred noise sources. In the model, the internal white and 
flicker noise sources are combined into three equivalent input 
noise generators, E n , l n i, and l n 2 - The noise current generators 
produce noise voltage drops across their respective source 
resistors, R S1 and R S 2 - The source resistors themselves gener- 
ate thermal noise voltages, E t i and E t2 . Total rms input-referred 
voltage noise, over a given bandwidth, is the square root of the 
sum of the squares of the five noise voltage generators over that 
bandwidth. 


FIGURE 6: Op Amp Noise Model 
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(2) E n (f H , f L ) = V^n 2 + (Ini ' R Sl) 2 + ('n2 * "S2) 2 + Efl 2 + E \2 2 

Equation 2 describes, in total, all noise sources of an op amp 
circuit. It will be used throughout this application note. 

Minimization of total noise requires an understanding of the 
mechanisms involved in each of the five generators. First, the 
white noise mechanisms, thermal and shot, are discussed, 
followed by other low frequency noise mechanisms, flicker and 
popcorn. 


Mathematically, noise spectral density may be expressed as: 

(3a) e n 2 = ^ (3b) i n 2=^ 

Where: e n , i n = Spectral noise density of voltage and current, 
respectively 

E n , l n = Total rms voltage and current noise in a fre- 
quency band, respectively 

Af = Bandwidth of 1Hz 


Noise Mechanisms of Op Amps 

The two basic types of op amp-associated noises are white 
noise and flicker noise (1/f). White noise contains equal 
amounts of power in each hertz of bandwidth. Flicker noise is 
different in that it contains equal amounts of power in each 
decade of bandwidth. This is best illustrated by spectral noise 
density plots such as in Figures 7 and 8. Above a certain corner 
frequency, white noise dominates; below that frequency, flicker 
(1/f) noise is dominant. Low noise corner frequencies in 
conjunction with a low white noise magnitude distinguish low 
noise op amps from general purpose devices. 


FIGURE 7: OP-77 Noise Voltage 



FIGURE 8: OP-77 Noise Current 



From Equation 3, the total rms noise in a frequency band from f L 
to fin is then, 

f f H f* f H 

(4a) E n 2 = J e n 2df (4b) l n 2 = J i n 2 df 

Where: f H = Upper frequency limit of interest 
f L = Lower frequency limit of interest 

Equation 4 means that three things must be known to evaluate 
total voltage noise (E n ) or current noise (l n ): f H , fL. and a 
knowledge of noise behavior over frequency. 

White Noise 

White noise contains many frequency components and is so 
named in analogy to white light which is made up of many 
colors. The important point to remember is that white noise has 
equal noise power in each hertz of bandwidth. In other words, 
the noise spectral density of white noise is constant with varying 
frequency. Thus, Equation 4 may be rewritten to describe white 
noise over a frequency band. 

(5a) E nW = e nW \Ah ~ f L ( 5b ) >nW = <nW \Ah ~ f L 

When f H > 10 f L , the white noise expressions may be reduced to: 
(6a) E nW = e nW x/fn (6b) l nW = i nW x/fn 


Flicker Noise 


Unlike white noise, flicker (1/f) noise is not constant with 
respect to frequency, but has a power spectral density that is 
inversely proportional (K e , Kj) to the frequency of interest as 
described in Equation 7. 


(7a) e nF 2(f)=^ 


or, 

(8a) 



Kj2 

(7b) i nF 2 (f)=-p 
(8b) i nF (f) = -^ 


Where: K e , Kj are constants of proportionality. 


The constants of proportionality depend on a number of 
parameters internal to the amplifier. It will be shown later that 
the constants will drop out mathematically. 

In order to calculate total voltage and current noise, the concept 
of corner frequency is useful. Referring to the graphs of e n or i n 
versus frequency as in Figures 7 and 8, we can see that it is a 
composite of a zero-slope line (white noise) summed with a line 
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of slope -1/2 (1/f noise, or flicker noise). The projected 
intersection of these lines occurs where the two noise powers 
are equal, at a frequency called the corner frequency. Therefore, 
it follows that at the corner frequency, f ce or f ci , 

(9a) e nW 2 = e nF 2(f oe )=^ (9 b) i nW 2 = i nF 2(f cl ) 

T ce 'ci 


The rms noise in a band is then: 

(16) E n (f H , f L ) = e nW \/ fee • In (£) + (f H -f L ) 

(17) l„(f H , f L ) = inwVfcT In (£) +(f H -f L ) 


rearranging, 

(10a) K e 2 = e n v\/2 • f ce 
substituting in Equation 7, 

frp 


(11a) e nF 2(f) = e nW 2 • 


f 


(10b) Kj2 = i nW 2 . f c| 


(11b) i nF 2(f) = i nW 2 • 


(12a) e nF (f) - e n w 


(12b) i nF (f) = i nW Vf 


We can find the rms flicker noise in a band as follows: 
ffH 

(13a) E nF 2 = e nF 2(f)df 


Where: e nW = White noise voltage spectral density 
i n w ~ White noise current spectral density 
f ce = Voltage noise corner frequency 
f C j = Current noise corner frequency 
f H = Upper frequency limit of interest 
f L = Lower frequency limit of interest 


The two most important internally-generated noise minimiza- 
tion rules are derived from Equation 16 and 17: a) limit the circuit 
bandwidth, and b) use operational amplifiers with low white 
noise specifications in conjunction with low corner frequencies. 
So far we have derived the noise voltage (E n ) and noise current 
(l n ) components (Equations 16 and 17) for the first three terms 
of Equation 2, which is reproduced below. 


- e nW 2 * fee * ln 



r f H 

(13b) l nF 2 = J i nF 2 (f) df 


(2) E n (f H , f L ) - VE n 2 + (Ini • Rsi) 2 + Cn 2 * R S2 ) 2 + Etl 2 + E t 2 2 

In the next section, the last two terms of the equation, which are 
the thermal noise voltages generated by the external source 
resistances, are derived. 


'nW 2 ’ fci ’ 

Typical bipolar op amp corner frequencies for voltage noise are 
in the range of 1 to 20Hz; and for current noise, lOto 1,000Hz. In 
comparison, FET input op amps have voltage noise corner 
frequencies in the range of 100Hz to 500Hz. Still higher are 
CMOS op amps whose corner frequencies are typically on the 
order of 1kHz. 

Now that we have the mathematical expressions describing 
white noise and flicker noise, we can sum (by root-sum-square 
method) the two components to yield a total spectral density 
expression. 

(14a) e n 2 = e nW 2 + e nF 2(f) (14b) i n 2 = i n w 2 + i nF 2 (f) 

substituting from Equation 11, 

(15a) e n = e n w \A +^f (15b) i„ = i nW \A +T 

Equation 15 is an expression frequently used to describe noise 
(voltage and current) curves seen in op amp data sheets. 


Thermal Noise 

Thermal (Johnson) noise is a white noise voltage generated by 
random movement of thermally-charged carriers in a resis- 
tance; in op amp circuits, this is the type of noise produced by the 
source resistances in series with each input. Its rms value over a 
given bandwidth is calculated by: 

(18) E t = N /4kTR-(f H -f L ) 

Where: k = Boltzmann’s constant = 1.38 x 10 -2 3 joules/K 
T = Absolute temperature, kelvin 
R = Resistance in ohms 
f H = Upper frequency limit in hertz 
f|_ = Lower frequency limit in hertz 

At room temperature, Equation 18 simplifies to: 

(19) E t = 1.28 X 10- 10 \/ R • (f h — f|_) 

To minimize thermal noise (E t1 and E t2 ) from R S1 and Rs 2 . large 
source resistors and excessive system bandwidth should be 
avoided. 
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Thermal noise is also generated inside the op amp, principally 
from r bb \ the base-spreading resistances in the input stage 
transistors. These noises are included in E n , the total equivalent 
input voltage noise generator. 

All the component noise sources of Equation 2 have now been 
derived. Total noise of an op amp circuit may be easily 
calculated using the equation. In the next sections, examples 
using several precision op amps will be calculated to illustrate 
the noise minimization techniques as well as to contrast the 
different noise performance of these devices. 

TOTAL NOISE CALCULATION 

With data sheet curves and specifications, and a knowledge of 
source resistance values, total input-referred noise may be 
calculated for a given application. To illustrate the method, 
noise information from the Precision Monolithics OP-77A and 
OP-27 A data sheets are reproduced in Figure 9. The first step is 
to determine the current and voltage noise corner frequencies 
so that the E n and l n terms of Equation 2 may be calculated 
using Equations 16 and 17. 

Comer Frequency Determination 

In the input spot noise versus frequency curves of Figure 9, it 
may be seen that voltage noise (R s = 0) begins to rise at about 


3Hz. Lines projected from the horizontal (white noise) portion 
and the sloped (flicker noise) portion intersect at 2Hz, the 
voltage noise corner frequency (f ce ). In the center curve, 
excluding thermal noise from the source resistance, current 
noise multiplied by 200kn is plotted as a voltage noise. Lines 
projected from the horizontal portion and sloped portions 
intersect at 80Hz, the current noise corner frequency (f ci ). 


FIGURE 9A: OP-77 Input Spot Noise Voltage vs Frequency 



FIGURE 9B: OP-77/OP-27 Ultra-Low Offset Voltage Op Amps 


ELECTRICAL CHARACTERISTICS at V s = ±15V and T A 

= 25°C, unless otherwise noted. 









OP-77 A 



OP-27A 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Noise Voltage 

e np-p 

0.1Hz to 10Hz 

- 

0.35 

0.6 

- 

0.08 

0.18 

mVp 



f 0 = 10Hz 


10.3 

18.0 


3.5 

5.5 


Input Noise 

e n 

f Q = 100Hz 

_ 

10.0 

13.0 


3.1 

4.5 

> 

C 

Voltage Density 


f Q = 1000Hz 

- 

9.6 

11.0 

- 

3.0 

3.8 


Input Noise Current 

'np-p 

0.1 Hz to 10Hz 

- 

14 

30 

- 

- 

- 

PAp.p 



f 0 = 10Hz 


0.32 

0.80 


1.7’ 

4.0 


Input Noise 

Current Density 

i n 

f Q = 100Hz 

- 

0.14 

0.23 

- 

1.0 

2.3 

pA/x/Hz - 



f Q = 1000Hz 

— 

0.12 

0.17 

— 

0.4 

0.6 


Input Offset Voltage 

V OS 


- 

10 

25 

- 

10 

25 

mV 

Input Offset Voltage 










Drift 

tcv os 

-55°C<T A <+125°C 

~ 

0.1 

0.3 


0.2 

0.6 

mV/°C 

Long Term Input Offset 











V os /Time 



0.2 

1.0 


0.2 

1.0 

mV/ Mo 

Voltage Stability 










Input Offset Current 

•os 


- 

0.3 

1.5 

- 

7 

35 

nA 

Input Bias Current 

■b 


- 

±1.2 

±2.0 

- 

±10 

±40 

nA 


INPUT NOISE VOLTAGE (e np _ p ) INPUT NOISE CURRENT (i np _ p ) 

The peak-to-peak noise voltage in a specified frequency band. The peak-to-peak noise current in a specified frequency band. 

INPUT NOISE VOLTAGE DENSITY(e n ) INPUT NOISE CURRENT DENSITY (i n ) 

The rms noise voltage in a 1Hz band surrounding a specified value of The rms noise current in a 1Hz band surrounding a specified value of 

frequency. frequency. 
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Equations 16 and 17 also require e nW and i nW for calculation of 
E n and l n . To find e n w and i nW , use the data sheet specifications 
a decade or more above the respective corner frequencies; in 
the case of the OP-77A, e nW is 9.6V/ \/Hz (1,000 Hz), and i nW is 
0.12pA/\/Hz (1,000Hz). At this time, it should be noted that the 
noise current, 0.12pA/\/hte , is a value that has been incorrectly 
derived from the standardized, commonly-used test method on 
virtually ALL commercially available op amps. The value is off 
by a factor of >J2. Therefore, in order to calculate the correct 
total noise, the data sheet current noise value should be 
multiplied by a correction factor of \/2. Thus, for the noise 
calculation of the OP-77A, the value e nW is 9.6nV/ v^Hz ( 1 ,000Hz), 
and i nW should be OMpkfsjHz (1,000Hz). 

OP-77 Bandwidth of Interest 

To be summed correctly, each of the five noise quantities must 
be expressed over the same bandwidth, f H to f L . For calculation 
purposes, assume f H to be the highest frequency component 
that must be amplified without distortion. Note that e n , i n , corner 
frequencies are independent of actual circuit component 
values. When doing noise calculations for a large number of 
circuits using the same op amp, these numbers only have to be 
calculated once. 

OP-77 Typical Application Example 

Figure 10A shows a typical X10 gain stage with a 10kll source 
resistance. In Figure 10B, the circuit is redrawn to show five 
noise voltage sources. To evaluate total input-referred noise, 
the values of each of the five sources must be determined. 


FIGURE 10A: Noise Analysis Circuit 




Using Equation 19: E t = 1.28 x lO"™ \/R ”(f H - fj 
E t1 = 1 .28 X 10~ 10 \f (9000) (100Hz) = 0.04 i uVrms 
E t2 - 1.28 X 10~ 10 VOOkH) (100Hz) = 0.128/xVrms 


Next, calculate l n using Equation 17: 

In ~ H \/fci * l n ~ 

= ai? P A \/80-ln( 5 ^ E ) +1 00- 0.0001 

= 5.9pArms 
and: 

l n1 • R S i = 5.9pA • (900H) = 0.0053juVrms 
l n2 * R S 2 = 5.9pA • (10kO) = 0.059/iVrms 

Finally, E n from Equation 16: 

En = e n \/ f oe-'n(^)+fH-fL 

= a6nv 

= 0.108MVrms 
Substituting in Equation 2: 

E n (f H - f L ) = x/E n 2 + l n1 2 R S1 2 + | n2 2 R S2 2 + E t1 2 + E t2 2 


(0.108>uV)2 + (0.0053 m V) 2 + (0.059/A/)2 + 
(0.04juV) 2 + (0.128juV) 2 

- 0.18/xVrms 

Total input-referred noise = 1.08juV peak-to-peak (0.0001Hz to 
100Hz). 

Notice that of the five terms in the equation, the first and the last 
terms dominate. Since the first term is the total rms noise 
voltage inherent of the amplifier, nothing can be done by the 
system designer to lower its noise other than to choose a device 
having inherently low noise characteristics. As can be seen in 
Equation 16, two key parameters determine the total rms noise 
of an amplifier— low white noise density and low noise corner 
frequency. 

Notice that the thermal noise voltage (last term) of Equation 2 is 
determined by the 10kH value selected for R3. Had the value 
been reduced to IkH, the thermal noise voltage would have 
been 0.04/xVrms instead of 0.128/xVrms. As a result, total rms 
noise voltage would have become 0.122/uV, a remarkable 32% 
reduction in total noise. 

Indeed, low noise design requires the system designer not only 
to choose an amplifier with low noise characteristics, but also to 
pay close attention in selecting appropriately low source 
resistances in the input circuit. 
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741 Calculation Example 

The preceding calculation determined total noise in a given 
bandwidth using a low noise op amp. To place this level of 
performance into perspective, a calculation using the industry- 
standard 741 op amp in the circuit of Figure 10 is useful. Once 
again the starting point is corner frequency determination, 
using the data sheet curves of Figure 11: f ce = 200Hz; f cj = 2kHz; 
e n = 20nVA/H7; i n = (v/2) • (0.5pA/\/Hz') = 0.71 pA/x/Hz . 

Using these corner frequencies and noise magnitudes, E n and 
l n are calculated to be 1.07juVrms and 118pArms, respectively. 
Multiplying this noise current by the source resistance gives 
terms 2 and 3 of Equation 2 as shown below: 

(2) E n (f H , f L ) = x/E„2 + l n1 2 R S1 2 + | n2 2 R S2 2 + E tl 2 + E t2 2 


substituting in the equation: 


E n (f H . f L ) = 


(1.07/xV)2 + (0.106 mV)2 + (1.18 m V)2 + 
(0.04 m V)2 + (0.128 m V)2 


= 1.6fxVrms 


Total input-referred noise = 9.6juV peak-to-peak (0.0001Hz to 
100Hz). This is more than 8 times that of the low noise OP-77 
example. Notice further in this example, the third term of the 
equation becomes an additional dominant term. It is due to a 
higher noise current flow in the lOkfl source resistance. 

The calculation examples illustrate four rules for minimizing 
noise in operational amplifier applications: 

Rule 1. Use an op amp with low noise characteristics. 

Rule 2. Use an op amp with low noise corner frequencies. 
Rule 3. Keep source resistances as low as practical. 

Rule 4. Limit circuit bandwidth to signal bandwidth. 


FIGURE 11A: Input Noise Voltage as a Function of Frequency 



FIGURE 11B: Input Noise Current as a Function of Frequency 



FIGURE 12: OP-27, OP-37, and OP-227 Noise Voltage and Current as a Function of Frequency 
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OP-27/OP-227/OP-37 Noise Optimization Design 

In this example, a low noise, high speed op amp is examined. 
Using the circuits in Figures 10A and 10B, and using the data 
sheet curves of Figures 12A and 12B: 

f ce = 2.7Hz; f ci = 140Hz; e n = 3.0nV/\/Hz ; 
i n = (v/2) • (0.4pA/ N /Hz ) = 0.57pA/\/Hz 

Using these corner frequencies and noise magnitudes, E n and 
l n are calculated to be 0.035/A/rms and 25.7pArms, respectively. 
Multiplying the noise currents by the source resistances yield 
terms 2 and 3 of Equation 2 as shown below: 


while in actual application the amplifier’s bandwidth must be 
considered. 

In Figure 13, the OP-77 frequency response curves show a 
rolloff of 20dB/decade; integration of the area under the curve 
will show the effective circuit noise bandwidth to be 1.57 times 
the 3dB bandwidth. In most closed-loop gain configurations, 
the amplifier’s bandwidth may be greater than required, and 
output filtering, such as in Figure 14, could be used. As an 
alternate to output filtering, an integrating capacitor may be 
connected across the feedback resistor. Bandwidth may also be 
limited in some applications by overcompensating an externally- 
compensated low noise op amp, such as the OP-06. 


E n (f H , f L ) = N/E n 2 + l n1 2 Rsi 2 + In 2 2 R S 2 2 + E t i 2 + E t2 2 


(0.035juV)2 + (0.023 m V) 2 + (0.257 juV)2 + 
(0.04 juV)2 + (0.128juV)2 


= 0.293juVrms 

Total input-referred noise = 1.76;uV peak-to-peak (0.0001Hz to 
100Hz). 

Contrary to expectation, these supposedly lower noise ampli- 
fiers produce a circuit that has higher total noise than the 
previous OP-77 design. A closer analysis reveals again that the 
10kn source resistance is the primary contributor to the two 
dominant terms (terms 3 and 5) of the total noise equation. The 
resulting noise generated swamped the excellent noise perfor- 
mance of these devices. 

For the purpose of noise optimization, the 10k(l source resis- 
tance is reduced to a balanced 910(1 resistance to preserve the 
inherently low input offset error of the amplifier. Recalculating 
Equation 2, 

j (0.035jiiV)2 + (0.023 m V)2 + (0.023 M V)2 + 

E n (f H’ fu) ~~ V (0.04 M V)2 + (0.04 M V)2 
= 0.074 i uVrms 

Total input-referred noise is now a respectable 0.44/uV peak-to- 
peak (0.0001Hz to 100Hz). 

It is clear from this optimization that the system designer can 
achieve both a balance of low noise and low input offset voltage 
performance with these amplifiers. It is also obvious that one 
can optimize noise further by using, say, a 10(1 source resis- 
tance; in which case, the resulting total rms noise voltage is now 
0.058/uV, and a peak-to-peak noise is 0.35/ulV. This translates to a 
net noise reduction of 20% compared to the design using 1k(l 
balance source resistance. 

LIMITING BANDWIDTH TO MINIMIZE NOISE 

Effective circuit bandwidth must not be much greater than 
signal bandwidth or amplification of undesirable high frequency 
noise components will occur. Throughout the preceding calcu- 
lations, an assumption of “bandwidth-of-interest” was made, 


FIGURE 13A: OP-77 Open-Loop Frequency Response 



FIGURE 13B: OP-77 Closed-Loop Response for Various Gain 
Configurations 
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MISCELLANEOUS NOISE MINIMIZATION METHODS 

Certain other noise mechanisms merit consideration: use metal 
film resistors; carbon resistors exhibit “excess noise,” with both 
1/f and white noise content being related to DC applied voltage. 
The use of balanced source resistors, while sometimes good for 
DC error purposes, will increase noise; the balancing resistor is 
not required for op amps such as the OP-07 and OP-77, since 
l 0 s - !b- Ke ep noise in its proper perspective; minimize it 
without introducing additional DC errors. Use low noise op 
amps with overall DC specifications that will satisfy the 
application. 

OTHER NOISES 

Shot noise (Schottky noise) is a white noise current associated 
with the fact that current flow is actually a movement of discrete 
charged particles (electrons) across a potential barrier, such as 
a PN junction of a transistor or diode. Shot noise is a 
component of i n , and indirectly, e n . In Figure 6, l n1 and l n2 , above 
the 1/f frequency, are shot noise currents which are related to 
the amplifier’s DC input bias currents: 

(20) l sh = v/2ql D c(fH-f L ) 

Where: l sh = rms shot noise value in amps 

q = Charge of an electron = 1.602 x 10~ 19 C 
I DC = DC bias current in amps 
f H = Upper frequency limit in hertz 
f L = Lower frequency limit in hertz 

At room temperature Equation 20 simplifies to: 


(21) l sh = 5.66 X 10-io x/Idc (f H “ f L ) 

Shot noise currents also flow in the input-stage emitter dynamic 
resistances (r e ), producing input noise voltages. These voltages, 
along with the r bb ' thermal noise, make up the white noise 
portion of E n ; the total equivalent input noise voltage generator. 

Shot noise can also be generated from external sources such as 
PIN photodiodes, zener diodes, and other semiconductor 
junction devices. Noise current from these sources may be 
calculated using Equation 20 or 21. 

In limited bandwidth, very low frequency applications, flicker 
(1/f) noise is the most critical noise source. An op amp designer 
minimizes flicker noise by keeping current noise components 
in the input and second stages from contributing to input 
voltage noise. Equation 22 illustrates this relationship: 

zoo\ ’ n second stage _ ^ 

~ e n input 

am first stage 

Another critical factor is corner frequency. For minimum noise, 
the current and voltage noise corner frequencies must be low; 
this is crucial. As shown in Figure 15, low-noise corner 
frequencies distinguish low-noise op amps from ordinary 
industry-standard 741 types. 

The photograph in Figure 16, taken using the test circuit of Figure 
17, illustrates the flicker noise performance of the OP-77. This 


device demonstrates proper attention to low noise circuit design 
and wafer processing and achieves a remarkable 0.35/uV peak- 
to-peak input voltage noise in the 0.1Hz to 10Hz bandwidth. 


FIGURE 15: Noise Voltage Comparison 




FIGURE 17: Low Frequency Noise Test Circuit 


250k Q 



Popcorn noise (burst noise) is a momentary change in input 
bias current usually occurring below 100Hz, and is caused by 
imperfect semiconductor surface conditions incurred during 
wafer processing. Precision Monolithics minimizes this problem 
through careful surface treatment, general cleanliness, and a 
special three-step process known as “Triple Passivation.” 

To begin the process, a specially-treated thermal silicon dioxide 
layer is grown. This protects the junctions and also attracts any 
residual ionic impurities to the top surface of the oxide, where 
they are held fixed. Next, a layer of silicon nitride is applied to 
prevent the entry of any potential contamination or impurities. 
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The third step is the thick glass overcoat which leaves only the 
bonding pads exposed. A cutaway view of a finished device is 
shown in Figure 18. 

FIGURE 18: Triple Passivated Integrated Circuit Process 



Op amp manufacturers face a difficult decision in dealing with 
popcorn noise. Through careful low noise processing, it can be 
eliminated from almost all devices; alternatively, the processing 
may be relaxed, and finished devices must be individually tested 
for this parameter. Special noise testing takes valuable labor 
time, adds significant amounts to manufacturing cost, and 
ultimately increases the price a customer has to pay. At Precision 
Monolithics, the low noise process alternative is used to 
manufacture high volumes of cost-effective low noise op amps. 


CONCLUSION 

Recent improvements in 1C op amp DC specifications have 
made noise an important error consideration. From data sheet 
information and source resistance values, total input-referred 
noise over a given bandwidth can be easily calculated. Total 
noise can be minimized by a thorough understanding of the 
various noise-generation mechanisms. 
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SUMMARY 

A summary of the major points to consider is as follows: 

1. Minimize externally-generated noise. 

2. Choose an amplifier with low noise characteristics and low 
1/f noise corner frequencies. 

3. Limit the circuit bandwidth to signal bandwidth. 

4. Eliminate excessive resistance in the input circuit. 
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□ ANALOG AN-102 

DEVICES APPLICATION NOTE 

ONE TECHNOLOGY WAY • P.O. BOX 9106 • NORWOOD, MASSACHUSETTS 02062-9106 • 617/329-4700 


Very Low Noise Operational Amplifier 


APPLICATIONS 

• High Precision Instrumentation 

• Microphone Preamplifier 

• Tape-Head Preamplifier 

• Strain-Gage Amplifier 


FEATURES 

• Very Low Voltage Noise 500pV/V Hz 

• High Gain-Bandwidth Product 150MHz 

• High Open-Loop Gain 3 x 10 7 

• High CMRR 130dB 

• Very Low Offset Voltage Drift <0.1;uV/ o C 


GENERAL DESCRIPTION 

In situations where low output, low-impedance transducers are 
used, amplifiers must have very low voltage noise to maintain a 
good signal-to-noise ratio. The design presented in this applica- 
tion note is an operational amplifier with only 500pV/ -/Rz of 
broadband noise. The front end uses SSM-221 0 low-noise dual 
transistors to achieve this exceptional performance. The op amp 
has superb DC specifications compatible with high-precision 
transducer requirements, and AC specifications suitable for 
professional audio work. 

PRINCIPLE OF OPERATION 

The design configuration in Figure 1 uses an OP-27 op amp 
(already a low-noise design) preceded by an amplifier consisting 
of three parallel-connected SSM-221 0 dual transistors. Base 
spreading resistance (R bb ) generates thermal noise which is 
reduced by a factor of >T3 when the input transistors are parallel 
connected. Schottky noise, the other major noise-generating 
mechanism, is minimized by using a relatively high collector 
current (1 mA per device). High current ensures a low dynamic 
emitter resistance, but does increase the base current and its 
associated current noise. Higher current noise is relatively 
unimportant when low-impedance transducers are used. 



Figure 1: Simplified Schematic 
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CIRCUIT DESCRIPTION 

The detailed circuit is shown in Figure 2. A total input-stage 
emitter current of 6mA is provided by Q4. The transistor acts as 
a true current source to provide the highest possible common- 
mode rejection. R r R 2 , and R 3 ensure that this current splits 
equally among the three input pairs. The constant current in Q4 
is set by using the forward voltage of a GaAsP light-emitting 
diode as a reference. The difference between this voltage and 
the base-emitter voltage of a silicon transistor is predictable and 
constant (to within a few percent over the military temperature 
range. The voltage difference, approximately IV, is impressed 
across the emitter resistor R 12 which produces a temperature- 
stable emitter current. 


Rg and G 1 provide phase compensation for the amplifier and are 
sufficient to ensure stability at gains of ten and above. 

R ? is an input offset trim that provides approximately ±300|iV trim 
range. The very low drift characteristics of the SSM-2210 make 
it possible to obtain drifts of less than 0.1 |liV/ o C when the offset 
is nulled close to zero. If this trim is not required, the R 4 , R ? , and 
R 8 network should be omitted and R 5 /R 9 connected directly to 
V+. 



Figure 2: Complete Amplifier Schematic 
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AMPLIFIER PERFORMANCE 

The measured performance of the op amp is summarized in 
Table 1 . Figure 3 shows the broadband noise spectrum which is 
flat at about 500 pV/ylHz . Figure 4 shows the low-frequency 
spectrum which illustrates the low 1 /f noise corner at 1 .5Hz. The 
low-frequency characteristic in the time domain from 0.1Hz to 
10Hz is shown in Figure 5; peak-to-peak amplitude is less than 
40nV. 


Table 1: Measured Performance of the Op Amp 


Input Noise 

Voltage Density at 1kHz 


500p\//\/~Hz~ 

Input Noise 

Voltage from 0.1 Hz to 10Hz 


40nVp_ p 

Input Noise Current at 1kHz 


1.5pA Zs/hT 

Gain-Bandwidth 

G = 10 

G = 100 

G = 1000 

3MHz 

600kHz 

150kHz 

Slew Rate 


2V/ m s 

Open-Loop Gain 


3 X 10 7 

Common-Mode Rejection 


130dB 

Input Bias Current 


3 M A 

Supply Current 


10mA 

Nulled TCV 0S 


0.1/iV/°C Max 

T.H.D. at 1kHz 

G = 1000 

0.002% 



Spectrum analyzer display of broadband noise with a 
gain of 10,000. 

Horizontal axis = 0 to 2.5kHz. 

Normalized v ertica l axis = 830pV/V Hz R.T.I. 
e n = 507pV/v r Hz~ at 1 kHz. 


Figure 3: Spectrum Analyzer Display — Broadband 



Figure 4: Spectrum Analyzer Display — Low Frequency 


Low frequency noise spectrum at a gain of 10,000 
showing a low 1.5Hz noise corner. 



Peak-to-peak noise from 0.1 to 10Hz. 
Overall gain is 100,000. 


Figure 5: Oscilloscope Display 
CONCLUSION 

Using SSM-2210 matched transistor pairs operating at a high 
current level, it is possible to construct a high-performance, low- 
noise operational amplifier. The circuit uses a minimum of 
components and achieves performance levels impractical with 
monolithic amplifiers. 
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ANALOG 

DEVICES 


AN-105 
APPLICATION NOTE 


ONE TECHNOLOGY WAY • P.O. BOX 9106 • NORWOOD, MASSACHUSETTS 02062-9106 • 617/329-4700 


Applications of the MAT-04 
A Monolithic Matched Quad Transistor 


The MAT-04 is a monolithic device containing four low-noise, 
tightly matched transistors, which dramatically improves the 
performance of many amplifier and analog computational 
circuits. This note describes several of these designs which 
capitalize on the superior characteristics and dynamic range 
of the MAT-04. These applications include a low-dist ortion 
voltage-controlled attenuator, a very low-noise (1.2 n M/\J Hz ) 
high-speed instrumentation amplifier, a 900pV/V Hz ultra- 
low noise audio preamplifier, a vector summing amplifier, a 
squaring amplifier, and a square-root amplifier. 

Discrete circuit designers repeatedly run into the problem of 
circuit component mismatches that limit performance. Pas- 
sive component mismatching can be reduced by using tighter 
tolerance components, but active components present a 
more difficult problem. Discrete transistors exhibit poor beta 
and Vbe(on) matching, even within single transistor families, 
which severely degrade amplifier performance. Most availa- 
ble transistor arrays however, were developed to save board 
space rather than to provide accurate parametric matching. 
Only a few are designed to have tight matching tolerance. 

The MAT-04 uses advanced layout and process techniques to 
guarantee that the offset voltage between any two transistors 
in the device will be no more than 200 juV, and beta mismatch 
will not exceed 2%. Additionally, the MAT-04 transistors are 


designed for high beta (400 minimum) and 40V minimum 
breakdown. It exhibits a low 0.4H bulk resistance, which is 
important in logarithmic circuit applications. The MAT-04 
uses a symmetrical quad transistor pinout (Figure 1) which 
allows incorrect orientation of pin 1 without damage. The 
base-emitter junctions are internally diode-protected against 
reverse zener breakdown, which protects against degradation 
of beta and matching characteristics. 

VOLTAGE-CONTROLLED ATTENUATOR 

A useful MAT-04 application is the Voltage-Controlled Atten- 
uator (VCA) of Figure 2. This circuit, widely used in profes- 
sional audio applications, is difficult to implement using dis- 
crete transistors due to distortion induced by transistor 
mismatching. The MAT-04 offers excellent matching which 

FIGURE 1: Pin Connections 



FIGURE 2: Voltage-Controlled Attenuator 
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dramatically reduces distortion. The VGA provides low- 
distortion attenuation over a wide range of control voltages, 
and can be used as a low-distortion gain control in an audio 
amplifier. 

The VCA design is based upon the amplifying characteristics 
of a differential pair. Figure 3 shows the classic differential 
pair. With zero volts between the inputs (V| N = OV), the current 
in each side of the differential pair is equal and therefore the 
output voltage equals zero. Small changes in Vin unbalance 
the currents flowing in each side of the differential pair and 
produce an amplified differential output. The total stage cur- 
rent (I) of the differential pair is constant regardless of the 
input voltage. Matching of the transistors in a differential pair 
is critical, as any device mismatch will cause DC errors and 
upset linearity. 


FIGURE 3: Classic Differential Pair 



In the Voltage-COntrolled Attenuator, the input signal modu- 
lates the stage currents of the two differential amplifier stages. 
Op amps A2 and A3, in conjunction with transistors Q5 and 
Q6, form two voltage-to-current converters that transform a 
single input voltage into differential currents, which form the 
stage currents I A and le(see Figure 2) of each differential pair. 
The transfer function of the voltage-to-current converter is: 


(1) 


Ia = 


-Vin 

R2 


(2) l B = 


Vin 

R5 


Low-cost unmatched transistors can be used for Q5 and Q6, 
since they are inside the feedback loop of op amps A2 and A3. 
Their beta mismatch has minimal effect on output offset. 

If all the bases of the MAT-04are at ground potential, then the 
stage currents of each differential pair split equally among 
each transistor. The output is taken from one side of each 


differential pair (Q2 and Q3) and converted to a single-ended 
signal by op amp A1 which has a stage gain of 1. The gain of 
the overall circuit with the bases of the MAT-04 at ground 
potential is: 

(3) 


= V, N 


(R2 • R6 + R4 • R5) 
(2R2 • R5) 


and since R2 = R4 = R5 = R6, =1 

V,M 

When a positive control voltage is applied, most of the stage 
current is diverted into transistors Q2 and Q3, resulting in an 
increase in circuit gain. However, when a negative control 
voltage is applied, most of the stage current is diverted 
through transistors Q1 and Q4, with a subsequent decrease in 
circuit gain. 

The ideal transfer function for the Voltage-Controlled Attenu- 
ator is: 


(4) 


V OUT 


1 +exp 




|-VC0NT"°L>( RbTb<4 ) 

~ (t) ' " 




where k = Boltzmann constant = 
T = temperature in °K 


1.38 x 10-23 j 
°K 


q = electronic charge = 1.602 x 10 -19 C 


From the transfer function, it can be seen that the maximum 
gain of the circuit is 2 (6dB). Figure 4 shows the increase in 
attenuation as the control voltage becomes more negative. 


FIGURE 4: Voltage-Controlled Attenuator, 

Attenuation vs Control Voltage at 1kHz, 25°C 
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The Voltage-Controlled Attenuator accepts a 3Vrms input 
and easily handles the full 20Hz — 20kHz audio bandwidth as 
indicated in Figure 5. Distortion typically runs under 0.03% 
and the noise level is more than IIOdB below maximum 
output. 

To insure best performance, resistors R2 through R7 should 
be 1 % metal film resistors. Since capacitor C2 can see a small 
amount of reverse bias when the control voltage is positive, a 
nonpolarized tantalum capacitor or two polarized capacitors 
connected back-to-back should be used. 


FIGURE 5: Voltage-Controlled Attenuator, 
Attenuation vs Frequency 



A LOW-NOISE, HIGH-SPEED INSTRUMENTATION 
AMPLIFIER 

The circuit of Figure 6 has performance characteristics which 
make it ideal for use in high precision transducer and profes- 
sional audio applications. The circuit uses a high-speed op 
amp, the OP-17, preceded by an input amplifier consisting of 
a precision matched dual transistor, the MAT-02, and a MAT- 
04. The arrangement of the MAT-04 is known as a “linearized 
cross quad” and acts as a voltage-to-current converter to 
provide feedback to the input stage. The OP-17 acts as an 
overall nulling amplifier to completethe feedback loop. Resis- 
tor pair R1 and R2, and resistor pair R3 and R4 form voltage 
dividers that attenuate the output feedback due to the limited 
input range of the “cross quad” arrangement. Biasing for the 
input stage is set by zener diode Z1. At low currents, the 
effective zener voltage is about 3.3V due to the soft knee 
characteristic of the zener diode. This results in a bias current 
of 530/uA per side for the input stage. 

The gain of the instrumentation amplifier, with the values 
shown in Figure 6, is: 


Vqut _ 33,000 
V IN r g 
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TABLE 1 


Input Noise 

Voltage Density 

OQO 

II II II 

o o o 
° 8 

1.2nV/\/Hz 

3.6nV/v/Hz 

30nV/\/Hz 


G = 500 

400kHz 

Bandwidth 

G = 100 

1MHz 


G = 10 

1.2MHz 

Slew Rate 


40V//zS 

Common-Mode 

Rejection 

G = 1000 

130dB 

Distortion 

G = 100 

f = 20Hz to 20kHz 

0.03% 

Settling Time 

G = 1000 

lOyus 

Power 

Consumption 


350mW 

FIGURE 7: Spot Noise of Discrete Instrumentation Amplifier 

at Gain = 

1000 from 0 to 25kHz 




NORMALIZED VERTICAL AXIS = 2.6nV/v/H z PER DIVISION 
REFERENCED TO INPUT (R.T.I.). 
e n AT 10kHz = 1.2nV/v'Hz 


FIGURE 8: Low Frequency Noise Spectrum Showing Low 
2Hz Noise Corner; Gain = 1000 



The performance of the amplifier is summarized in Table 1. 
Figure 7 show s the input-referred spot noise to be flat at about 
1.2nV/V Hz over the 0 — 25kHz bandwidth. Figure8 shows the 
low frequency noise spectrum which highlights the low 1/f 
noise corner at 2Hz. 

In situations where small output, low impedance transducers 
are used, such as strain gages, amplifiers must have low 
voltage noise to maintain a good signal-to-noise ratio. The 
low voltage noise of 1.2nV/v^Hz~ suits this instrumentation 
amplifier for use in many low impedance transducer ap- 
plications. 


A LOW-NOISE HI-FI QUALITY PREAMPLIFIER 

The AC-coupled preamplifier of Figure 9 exhi bits a n input- 
referred noise voltage density of only 900pV/\/ Hz at a gain 
of 200. Preamplifier noise is minimized by using a single- 
ended input stage consisting of three transistors of a MAT-04 
connected in parallel. This technique lowers the effective 
base-spreading resistance, reducing thermal noise from this 
source by a factor of \f~3. Tight matching of the three paral- 
leled transistors is a critical requirement. If the matching is 
poor, one transistor will steal most of the stage current, effec- 
tively removing the two other transistors from the circuit. 
Noise reduction, achieved by paralleling the transistors, 
would therefore be lost. Schottky noise, or shot noise, is 
minimized by using a relatively high stage current of 2mA. 

The fourth transistor (Q1) of the MAT-04 is used to bias the 
input stage. Opamp A1 forces the voltages across R1 and R2 
to be equal, setting the bias current at 2mA. Overall feedback 
for the preamplifier is provided by resistors R7 and R8. Gain 
for this circuit is: 

v out _ R8 + 5 n 

(6) -v^r — sn- 

The circuit is characterized with the gain of 200. Compensa- 
tion components R3 and C2 may need to be optimized for 
other values of gain. Open-loop gain of the preamplifier is 
over 10 million. 

Figure 10 illustrates the wide bandwidth of the preamplifier. 
Figure 11 shows the broad band noise spectrum (0 — 25kHz) to 
be flat at 900pV/V Hz . Distortion of the preamplifier is 
0.035% at V 0U T = 10V p . p , f = 10kHz. 
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Another applicati 
area powerful toe 
These are based 
which has the fol 


NORMALIZED VERTICAL AXIS = 260pV/v/Hz PER DIVISION 
REFERENCED TO INPUT. 
e n AT 10kHz = SOOpV/v^Hz 


11 





The circuit of Figure 12 is a vector summing amplifier that has Op amp A3 forms a current-to-voitage converter giving 

the following generalized transfer function: Vqut = lo * R2 f 

(8) V OU T = kv'V A 2 + V B 2 

where k is a scale factor 


Vqut - 


w + (»)’ 


The circuit (see Figure 12) consists of two log amplifiers each 
using two transistors and an op amp. The voltage across the 
series transistors Q1 and Q2 is equal to the voltage across Q3 
and the base-emitter of Q4. Summing this voltage loop leads 
to: 

“ v "'“© * v " ln (i) * v ’' i "(tS ! ) 

All transistors are precisely matched and at the same temper- 
ature, therefore the Is and V T terms cancel. Equation 9 is 
simplified to: 

(10) 2 Inh = In l A + In l 0 = ln(l A * lo) 

Exponentiating both sides yields: 

(ID Ii 2 = Ia‘Io 


For the circuit of Figure 12, R1 = R3, and R2 = - 


(16) V 0UT = 



A value of R1 l\J~2 for resistor R2 builds in a scale factor of 
which allows +10V to be applied to both inputs simul- 
taneously without the danger of Vqut exceeding the output 
range of op amp A3. The built-in protection diodes on the 
MAT-04 allow the input voltages to go negative without dam- 
aging the MAT-04. Underthis condition, the output voltage is 
zero. The interconnections of the two MAT-04s in the circuit 
reduce errors due to inherent mismatching and temperature- 
induced differences between the two matched quad transis- 
tors. The accuracy of the vector summing amplifier is better 
than 0.5% over an input range of lOmV to 10V. 


Similar analysis for transistors Q7, Q6, Q5, and Q4 leads to: 

(12) I 2 2 = Ib * lo 

Summing the currents at the emitter of Q4 gives: 

(13) l 0 = l A + l B 

Solving equations (11) and (12) for l A and Ib. and substituting 
into equation (13) yields: 

L2 \ 0 2 

(14) i 0 = f + f = Vi 2 + I 2 2 

lo lo 


The MAT-04 can also be used to implement other nonlinear 
functions such as the square and square-root circuits shown 
in Figures 13 and 14 respectively. Similar to the vector sum- 
ming amplifier, the analysis begins by summing the voltages 
across transistors Q1 , Q2, Q3, and Q4 of the squaring circuit 
shown in Figure 13; 

™ “(i) 



FIGURE 12: Vector-Summing Amplifier 
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Once again, ail the transistors are precisely matched and at 
the same temperature, so the Is and Vj terms cancel giving: 

(18) 2 lnl| N = lnl 0 + lnl REF = ln(l 0 * Iref) 


Exponentiating both sides of the equation leads to: 


(19) 


•o = 


Pin) 2 

•ref 


Op amp A2 forms a current-to-voltage converter which gives 
Vout =r 2‘ lo- Substituting (V iN /R1 ) for l iN and equation (19) 
for Iq yields: 


/ «_ \ 

/ V IN\ 

' •ref/ 

l R1 / 


A similar analysis made for the square-root circuit of Figure 14 
leads to its transfer function: 


(21) V 0U T = R2 


\ / ( v in)0ref) 
V R1 


In these circuits, Iref is a function of the negative power 
supply. To maintain accuracy, the negative supply should be 
well regulated. For applications where very high accuracy is 
required, a voltage reference may be used to set l REF . An 
important consideration for the squaring circuit is that a suffi- 
ciently large input voltage can force the output beyond the 


operating range of the output op amp. Resistor R4 can be 
changed to scale I r EF , or R1 and R2 can be varied to keep the 
output voltage within the usable range. 

Unadjusted accuracy of the square-root circuit is better than 
0.1% over an input voltage range of lOOmV to 10V. For a 
similar input voltage range, the accuracy of the squaring cir- 
cuit is better than 0.5%. 

In summary, the accuracy of nonlinear circuits depends heav- 
ily upon the logarithmic conformance of the transistors used 
in the circuit. Extrinsic resistances and the Early effect cause a 
deviation from the ideal logarithmic transistor behavior. For 
small values of V C b, the collector-base voltage, these effects 
can be lumped together as an effective bulk resistance, rgE- 
The logarithmic transistor relationship of equation (7) 
changes to: 

(22) v BE = V T ln(^) +(l c r BE ) 

An obvious way to reduce rsE-induced error in nonlinear 
circuits is to reduce the maximum collector currents, but the 
op amp offsets and leakage currents become a limiting factor 
at low input levels. An operating range of IOjuA to 1mA is 
recommended. The MAT -04, which is specifically designed to 
have a low bulk resistance of 0.4H, further reduces tbe- 
induced error in nonlinear circuits. 


11-26 APPLICATION NOTES 



FV ANALOG AN-111 

U DEVICES APPLICATION NOTE 

ONE TECHNOLOGY WAY • P.O. BOX 9106 • NORWOOD, MASSACHUSETTS 02062-9106 • 617/329-4700 


A Balanced Summing Amplifier 


The summing amplifier circuit shown in Figure 1 represents an 
excellent virtual ground summing amplifier using a balanced 
differential design that includes extremely low noise and wide 
bandwidth as featured by the SSM-201 5. Any size audio mixing 
system can benefit from balanced virtual node mixing (sum- 
ming). The low cost and exceptional performance of this design 
can be incorporated in any system with balanced or mixed 
balanced and unbalanced input sources. 

IC 2 , the PMI OP-41 , serves as a DC servo-amplifier that is 
referenced to signal ground. The circuit functions as an integra- 
tor with a long time constant that retains the integrity of low 
frequency audio signals down to 5Hz, and keeps e QUT = 0V DC , 
(±10mV DC ). The OP-41 is a FET input amplifier, with low input 
offset voltage (V QS ) and high input impedance. Although many 
low performance JFET/CMOS operational amplifiers can be 
employed, the summing output V DC is a function of the servo's 
input offset voltage and its temperature coefficient (AV QS /AT), 
which must be kept low for direct coupled summing applica- 
tions. 

In this design, the following facts predominate: e s = 0, and i s = 
0. e |N is the algebraic sum of the input(s) e |N1 , e |N2 , e |N3 , e |Nn and 
etc. e QUT = [e |N1 (R F /R| N1 ) + e| N2 (R F /R,N 2 ) + e iN 3 ^F^iN 3 ^ + e iNn(*V 


R |Nn )J, etc. The input impedance therefore equals R, N1 , R, N2 , R, N3 , 
R INn , etc. The overall gain of the circuit is set by R p and the gain 
of the individual channels can be adjusted independently by the 
values of R |N1 , R |N2 , R |N3 . R |Nn . etc. 

For individual source input(s), gain is A Q = R F /R |ISJ . 

The circuit configuration produces linear signal mixing at the 
summing nodes (IC 1 pins 10,11), whereas e s = 0; therefore, no 
interaction occurs between the source inputs. Owing to the fact 
that the SSM-201 5 is a bipolar transistor device, the noise is low 
(1 .3nV/VHz). The commonly used values of 1 0kQ for R p and R |N 
are optimal for both minimum noise and previous stage loading, 
eliminating the need for buffer amplifiers and their noise contri- 
bution. 

The input common-mode rejection for the SSM-201 5 is typically 
1 0OdB as a result of true differential input topology. The differ- 
ential thermal noise and DC offset drift is nearly eliminated by 
the common substrate construction employed. To exploit the 
high CMR of the SSM-201 5, all signal resistors should be 
matched resistor networks or should employ 0.5% or better 
resistor tolerances. 



FIGURE 1 
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The output circuit topology of the SSM=2Q1 5 is complementary 
bipolar producing overall performance of 6V/^s slew rate, and 
is able to drive a 2kQ unbalanced load. The circuit described 
can be directly coupled, eliminating coloration and distortion 
associated with coupling capacitors. The circuitry following this 
amplifier could be AC (capacitor) coupled if the DC servo IC 2 
offset voltage of ±10mV DC is objectionable. 

Audio performance challenges the best test equipment that 
might be used to measure high performance analog designs. 
For example: worst case THD for this circuit measures less than 
0.008%, and IMD less than 0.02% over a band-width of 1 0Hz to 
20kHz. See Table 1 for more performance details. 


TABLE 1: Circuit Performance Specifications 


Frequency Response (dB 20Hz to 20kHz) 

±0.02 

S/N Ratio @ +23dBu 

103dB 

TMD + Noise (@ +23dBu 20Hz to 20kHz) 

0.008% 

IMD (@ +23dBu SMPTE 60Hz & 4kHz, 4:1) 

0.015% 

CMRR (60 Hz) 

lOOdB 

Slew Rate 

6V/ns 


Output Voltage (2kQ load) +23dBu or 1 1 V RMS 
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A Balanced Input High Level Amplifier 


The balanced amplifier in Figure 1 utilizing the SSM-201 5 fea- 
tures adjustable gain and can accept nominal audio signals 
from -27.5dBu to +0dBu with more than 30dB of headroom. 
The input terminals can tolerate common-mode voltages of 30 
volts peak-to-peak. Common-mode noise rejection is greater 
than 1 0OdB at 1 ,000Hz, while the EIN (Equivalent Input Noise) 
is a low -124dBu. 

The IC 1 amplifier circuit is gain adjustable, and the design 
utilizes a 12-position switch with 2.5dB steps. Other resistor 
values can be calculated to accommodate custom gain require- 
ments. 

IC 1 is PMI's SSM-201 5 true differential input 1C amplifier. Its 
input circuit utilizes two identical low noise bipolar transistors, 
with access to the emitters that provide the gain adjustment. R G 
(R 14 through R 24 ) sets the amplifier's gain using the equation: 

Gain = 3.5 + | g°X . 1Q? j f or R 0 , R )g = lO.OkQ 

The emitter feedback design exhibits both minimum noise and 
maximum common-mode rejection while retaining a very high 


input impedance. The output circuit topology is complementary 
bipolar producing 6V/ps slew rate, and is able to drive a 2kQ 
unbalanced load. The circuit described can be directly coupled 
eliminating the distortion associated with coupling capacitors. 
Circuitry following this amplifier could be AC (capacitor) 
coupled if input normal-mode DC voltages are expected at the 
input of this circuit. Worst case THD measures less than 
0.008%, and IMD less than 0.015%. 

Input components C v C 2 , R r and R 2 constitute a single pole 
low-pass filter that limits the input voltage slew rate, curbs 
interface transient intermodulation distortion, and keeps the 
amplifier from slewing. The input network has little effect on 
phase response within the pass band of 20Hz to 20kHz. To 
maintain high frequency common-mode performance, capaci- 
tors C t and C 2 should be matched for 1% tolerance. 

For an output voltage of -lOdBu, the balanced input amplifier 
circuit has an input sensitivity range of O.OdBu to -27.5dBu. The 
common-mode voltage trim is included for maximizing applica- 
tion common-mode noise reduction and also allows the use of 
low cost components. 



FIGURE 1 
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sw 

^dB 

V dB > 

r g 

VALUE (n) 

1 

10.0 

0 

R 

CO 

2 

12.5 

-2.5 

R ,4 

28.0k 

3 

15.0 

-5.0 

R ,5 

9.53k 

4 

17.5 

-7.5 

R 16 

4.99k 

5 

20.0 

-10.0 

R 1 7 

3.09k 

6 

22.5 

-12.5 

R 1 8 

2.05k 

7 

25.0 

-15.0 

R 1 9 

1.40k 

8 

27.5 

-17.5 

R 20 

1.00k 

9 

30.0 

-20.0 

R 21 

715 

10 

32.5 

-22.5 

R 22 

511 

11 

35.0 

-25.0 

R 23 

374 

12 

37.5 

-27.5 

R 24 

280 


Specific gain can be calculated from the equation: 
Gain d B = 20 log ^3.5 + | 20>M0 3 j j {or _ 10 ok£J 


TYPICAL APPLICATIONS 

This design is ideal for use as the input amplifier in audio 
distribution amplifiers, for balanced input audio routing switch- 
ers, as the input buffer ahead of the A-to-D codec in digital 
recording and mixer equipment, or for the low noise high level 
input of mixing consoles. 


TABLE 1 : Circuit Performance Specifications 


Frequency Response (dB 20Hz to 20kHz) 

±0.1 

S/N Ratio (5) +23dBu 

103dB 

THD + Noise (20Hz to 20kHz) <2> +23dBu 

0.008% 

IMD (SMPTE 60Hz & 4kHz, 4:1) @ +23dBu 

0.015% 

CMRR (60Hz) 

lOOdB 

Slew Rate 

6V/jxs 

Output Voltage (2kft load) +23dBu or 1 1 V RMS 
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An Unbalanced, Virtual Ground Summing Amplifier 


The summing amplifier circuit shown in Figure 1 represents a 
splendid unbalanced virtual ground summing amplifier. The 
design utilizes the SSM-2134, PMI's superior version of the 
popular NE5534 bipolar operational amplifier. This low noise 
amplifier can now be implemented where most equipment 
manufacturers use FET input operational amplifiers. The circuit 
described features reduction in noise, temperature, and input 
impedance effects on static condition output voltages, and 
elimination of unity gain instability. 

The SSM-21 34 helps reduce wide-band noise figures by 3dB to 
10dB, while improving the frequency and phase response 
performance. Only minimal value compensation (C 2 ) is re- 
quired for the SSM-2134. In the feedback loop, C 1 improves 
stability while keeping the slew rate at lOV/^is and bandwidth 
greater than 100kHz. 

In this circuit, note the following design facts: e 0UT is the 
algebraic sum of the input voltage(s) e |N1 , e IN2 , e |N3 , e |Nn and 

etc. e 0UT = (-) [e |N1 (R F /R |N1 ) + e |N2 (R F /R |N2 ) + e iN 3 ^F^iN 3 ^ + 
e |Nn (R F /R |Nn )], etc. The individual input impedance therefore 
equals R |N1 , R |N2 , R |N3 , R (Nn , etc. The overall gain of the circuit 
is set by R F , and the gain of the individual channels can be 
adjusted independently by the values of R |N1 , R |N2 , R |N3 , and 
R,m • 

INn 

For individual source input(s), voltage gain = R F /R |N . 

The circuit configuration produces linear signal mixing at the 
summing node (common tie point C r R F , R |N1 , R |N2 , R |N3 , and 
R 1M ), whereas e e = 0, there is no interaction between the 
source inputs. Owing to the fact that SSM-2134 is a bipolar 
device, noise is low (2.8nV/VHz). The commonly used values of 
1 0kQ for R f and R IN are optima! for both minimum noise and 
previous stage loading, eliminating the need for buffer amplifi- 
ers and their noise contribution. 



I 


FIGURE 1 


TABLE 1: Circuit Performance Specifications 

Frequency Response (20Hz to 20kHz) 

±0.02dB 

S/N Ratio (@ +23dBu) 

1 04dB 

THD + Noise (@ +23dBu, 20Hz to 20kHz) 

0.007% 

IMD (SMPTE 60Hz and 4kHz, 4:1) 

0.015% 

Slew Rate 

10V/ns 

Output Voltage (2kQ load) +23.3dBu or 1 1 .3V RMS 


This design produces maximum amplifier bandwidth with un- 
conditional circuit stability for both input and output impedance 
(reactive or not) variations. 
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A High Performance Transformer-Coupled Microphone Preamplifier 


The SSM-2015 or SSM-2016 low noise differential amplifier is 
utilized in a transformer-coupled microphone preamplifier. The 
circuit shown in Figure 1 represents a microphone preamplifier 
with high performance, wide dynamic range, and ultra low 
noise. The design features a Jensen transformer-coupled 
preamplifier circuit with balanced/floating input, 1500Q input 
loading, three step input attenuator, phantom microphone 
powering, and twelve amplifier gain choices. Although the 
design shown includes a twelve position gain selector, fixed 
gain applications can utilize the component value calculations 
and formula provided. 

The design provides microphone input loading of 1 500£1 Input 
loading is capacitive reactive, and at higher input voltage 
frequencies, the low-pass network and transformer character- 
istics help attenuate unwanted normal-mode RF and ultrasonic 
voltages that might be present at the input terminals. 

The input circuit contains a three-position input attenuator used 
to optimize source levels versus amplifier headroom. As usual, 
it's a compromise of headroom and preamplifier signal-to- 
noise. The attenuation is OdB, -10dB, and -20dB while main- 
taining an input impedance of 1500Q. 


A phantom microphone powering circuit is included for con- 
denser microphones that require 24 to 48 volts DC power. 

The common-mode voltage range is limited only by the trans- 
former's primary-to-shield breakdown voltage. Common-mode 
rejection is a product of the primary-to-secondary isolation and 
provides detachment of the microphone wiring environment. 
Although the balanced single-pole low-pass filter at the input 
terminals provides protection from radio frequency interfer- 
ence, this network, along with the capacitive effect of the 
primary winding to the grounded shield, plus the phantom 
powering resistors present a circuit path for external RF volt- 
ages to enter the preamplifier's circuit ground. A carefully 
planned single point (power supply) grounding, and the true 
balanced and differential input topology of the SSM-201 5/201 6 
amplifier will eliminate unwanted external noise signals. 

The network composed of R 4 and C 6 at the transformer sec- 
ondary serves two functions. It minimizes transformer rising 
secondary winding signal amplitude with rising input frequency 
and deters secondary ringing, while helping to prevent amplifier 
input slewing. The SSM-201 5/201 6 differential input improves 
transformer performance substantially as compared with the 
conventional unbalanced design. 


R 7 
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The circuit design incorporates a gain switch with twelve (12) 
calculated gain settings. The Jensen transformer, model JE- 
1 1 0K-HPC used in this application has a voltage gain of 1 7.9dB. 
For an output voltage of -lOdBu, the microphone amplifier 
circuit has an input sensitivity range of -65dBu to -17.5dBu, 
with a typical output headroom of 33dB. The preamplifier circuit 
shown is gain adjustable from 9.6dB to 39.6dB in 2.5dB steps. 

PMI's SSM-2015/2016 input circuit utilizes two identical low 
noise bipolar transistors, with access to the emitters, that 
provide the gain adjustment. The output circuit topology is 
complementary bipolar producing 6V/ps (2015) and lOV/ps 
(2016) slew rate into a 2kft unbalanced load. 

R g (R 17 through R 28 ) sets the amplifier gain using the equation: 

V G = 3.5 + (gQ- XIQ i) 
for R 14 , and R 15 = lO.Okft. 


sw 

®dB 

*e, N (dB) 

r g 

VALUE (ft) 

1 

9.6 

-37.5 

R 17 

100k 

2 

12.1 

-40.0 

R ie 

37.4k 

3 

14.6 

-42.5 

R 19 

10.7k 

4 

17.1 

-45.0 

R 20 

5.49k 

5 

19.6 

-47.5 

R 21 

3.32k 

6 

22.1 

-50.0 

R 22 

2.15k 

7 

24.6 

-52.5 

R 23 

1.47k 

8 

27.1 

-55.0 

R 24 

1.05k 

9 

29.6 

-57.5 

R 25 

750 

10 

32.1 

-60.0 

R 26 

549 

11 

34.6 

-62.5 

R 27 

402 

12 

39.6 

-65.0 

R 28 

215 


*lnput attenuator set to the OdB position. 


Unspecified overall circuit gain can be calculated from the 
equation: 

OjB = 20 log[ 3.5 + | 2 °x 1° 3 |j +17 .g 

TYPICAL PERFORMANCE 

Frequency response versus amplitude is ±0.2dB from 20 to 
20,000Hz, and THD + noise is better than 0.03% over gain and 
frequency range described, with a typical EIN (Equivalent Input 
Noise) of -127dBu. See Table 1 for detailed performance 
specifications. 


For applications where additional headroom is required, the 
SSM-2016 should be used. The SSM-2016 can be powered 
with up to ±36 V dc rails and drive 600ft loads. If ±24V DC rails are 
used, headroom increases to 35.7dB (typically), while the EIN 
remains at -1 27dB. As a consequence of the increased power 
supply voltage, the SSM-2016 package power dissipation will 
typically be 600mW with ±24V DC rails (no signal), and will rise 
to 725mW with worst case signal conditions into 600ft load. 

For ±36 V dc power rails, although the headroom increases to 
39.3dB, the SSM-2016 will dissipate 1.2 watts with no signal 
applied, and 1 .5 watts worst case signal conditions into 600ft 
load. Therefore, 1C package cooling should be taken into 
consideration. Please see the SSM-201 6 data sheet for 1C pin- 
out connections and recommended compensation capacitor 
values. All other circuit component values shown here apply. 

The transformer-coupled microphone preamplifier circuit de- 
scribed above demonstrates robust, real-world usage refine- 
ments, along with most operational features required by equip- 
ment designers to deliver the highest performance. It will handle 
the most hostile microphone environments without distress to 
either the circuit or the user. 


TABLE 1 : Circuit Performance Specifications 


Frequency Response 
(20Hz to 20kHz, -60dBu, 50dB gain) 

±0.1 5dB 

THD + Noise (20Hz to 20kHz, -60dBu, 50db gain) 
IMD (+23dBu, SMPTE 60Hz and 4kHz, 4:1) 

0.045% 

0.05% 

EIN (Equivalent Input Noise, 150ft source) 

-127dB 

Input Impedance (20Hz to 5kHz) 

1500ft 

Source Impedance 

150ft 

CMR at 1kHz (common-mode rejection at 1kHz) 

120dB 

CMVR (common-mode voltage range) 

±150V dc 

Slew Rate (overall circuit) 

6V/^is 

Gain Range (overall circuit) 17.5dB to 36dB 

Output Voltage 

SSM-201 5 (±1 8V dc , 2kft load) +23dBu or 1 1 V RMS 

SSM-201 6 (±24V dc , 2kft load) +25.7dBu or 15V RMS 

Output Headroom 

(SSM-201 5, 2kft load, -lOdBu nominal) 

33dB 
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Balanced Low Noise Microphone Preamplifier Design 


The SSM-201 5 differential amplifier is utilized in a transformer- 
less, active-balanced input amplifier. The circuit shown in 
Figure 1 provides a microphone preamplifier design with excel- 
lent performance and low noise. The design features a trans- 
formerless preamplifier circuit with true-balanced input, 1 500Q 
input loading, phantom microphone powering, and high com- 
mon-mode rejection. The design shown also includes a twelve 
position gain selector, or for fixed gain usage, component value 
calculations. 

The design includes microphone input loading of 1500Q, but 
the load resistor can be changed to accommodate other appli- 
cations. Input loading is capacitive reactive at higher frequen- 
cies to attenuate unwanted RF and ultrasonic voltages at the 
input terminals. 

The phantom microphone powering circuit provides power for 
condenser microphones that require 24 to 48 volts DC. The 
zener diodes CR 1 , CR 2 , CR 3 , and CR 4 protect the input transis- 
tors of the SSM-201 5 when connecting the microphone to the 
preamplifier circuit. 

The common-mode voltage range is ±5.5 volts. Its common- 
mode rejection is optimized for most applications by the true- 
balanced and differential input topology of the SSM-201 5. A 
balanced single pole low-pass filter at the input terminals 
provides protection for the circuit from radio frequency interfer- 
ence and prevents slewing of the SSM-201 5 amplifier. The 
output circuit topology is complementary bipolar producing 6V/ 
(ns slew rate, and able to drive a 2kQ unbalanced load. 


The circuit design incorporates a gain switch with twelve (12) 
calculated gain settings. For an output voltage of -1 OdBu, the 
microphone amplifier circuit has an input sensitivity range of 
-65dBu to -27.5dBu, and an output headroom of 33dB. The 
overall circuit gain is adjustable from 27.5dB to 55dB in 2.5dB 
steps. 


sw 

^dB 

e |N (dB) 

R c 

VALUE (Q) 

1 

27.5 

-37.5 

R ,S 

1.00k 

2 

30 

-40 

R ,6 

715 

3 

32.5 

-42.5 

R t 7 

511 

4 

35 

-45 

R 18 

374 

5 

37.5 

-47.5 

R 19 

280 

6 

40 

-50 

R 20 

205 

7 

42.5 

-52.5 

R 2 1 

154 

8 

45 

-55 

R 22 

115 

9 

47.5 

-57.5 

R 23 

86.6 

10 

50 

-60 

R 24 

63.4 

11 

52.5 

-62.5 

R 25 

47.5 

12 

55 

-65 

R 26 

35.7 
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SSM-2015 input circuitry utilizes two identical low noise bipolar 
transistors, with access to the emitters that provide the gain 
adjustment. R Q (R 15 through R 26 ) sets the amplifier's gain using 
the equation: 

Gain = 3.5 + | 20X10 3 j for R 9 , & R 13 = lO.OkQ 
Unspecified gain can be calculated from the equation: 

Gain d B = 20 log j^3.5 + | 20 . ^ 1 Q 3 | j 

The frequency response amplitude is ±0.1 dB from 20 to 
20,000Hz, and THD + noise of better than 0.03% over the gain 
range described with a typical EIN (Equivalent Input Noise) of 
-124dBu. 

The transformerless microphone preamplifier circuit described 
above demonstrates real-world usage refinements and in- 
cludes most operational features required by equipment de- 
signers. 


TABLE 1: Circuit Performance Specifications 


Frequency Response (20Hz to 20kHz) 

±0.1 dB 

THD + Noise (@ +23dBu, 20Hz to 20kHz) 

0.03% 

IMD (@ +23dBu, SMPTE 80Hz & 4kHz, 4:1 ) 

0.05% 

EIN (Equivalent Input Noise, 150Q source) 

-124dB 

CMR (Common-Mode Rejection at 1kHz) 

105dB 

Slew Rate 

6V/ps 

Output Voltage (2kQ load) +23dBu or 1 1 V RMS 

Output Headroom (2kQ load, -lOdBu nominal) 

33d B 
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AGC Amplifier Design with Adjustable Attack 
and Release Control 


The automatic gain control (AGC) amplifier described below 
and shown in Figure 1, features selectable gain reduction 
compression ratios and time domain adjustable AGC attack 
and release. This design employs the SSM-2013 VCA , SSM- 
2110 precision level detector, two SSM-2134 low noise op 
amps, and an OP-215 FET input dual op amp. 

The design features an inverting or noninverting input buffer 
amplifier, a voltage controlled amplifier with adjustable attack 
and recovery characteristics, driven by a true RMS level detec- 
tor. Additionally, it provides selectable gain reduction compres- 
sion, adjustable AGC output level, and maximum gain limit 
controls. Signal-to-noise ratio is better than lOOdB and the 
RMS level detector allows the AGC amplifier to operate trans- 
parently throughout the audio spectrum. The gain recovery is 
linear and time adjustable, and has maximum gain limiting 
(gating) to preclude input source noise floor rise. 

The input circuit includes a line level (-10dBu to OdBu) buffer 
amplifier, that accepts inverting or noninverting inputs with 
greater than 10k Q. loading impedance. The buffer also isolates 
the input source from the compressor gain reduction ratio 
selector, and limits step function slewing voltage. 


The six-position gain reduction selector that follows the input 
amplifier provides adjustable compression that smoothes the 
AGC action. Six GAIN REDUCTION slope ratios of 2 to 22 can 
be selected, thus reducing the irritating "hole producing and 
pumping " character of most AGC circuits. The SSM-2013 VCA 
is chosen for its predictable behavior and its high performance. 
The dynamic range exceeds 94dB over the frequency range 
20Hz to 20kHz. Over this frequency range, the amplifier 
achieves typically less than 0.01% THD + noise, and 0.03% 
IMD. 

The SSM-2110's precision rectifier circuit produces the true 
RMS output that comprises a level detector. It results in a 
consistent and precise AGC action that retains good signal 
dynamics while leveling the input signal. It responds to the audio 
signal power density in a manner similar to human hearing. 

Following the precision RMS rectifier is the VCA control voltage 
conditioning circuits. Constructed around U 6 (OP-215), the 
FET-input amplifier forms an integrator while the other amplifier 
provides the VCA control port buffer. The AGC output level is set 
by the rectified signal voltage compared to the reference volt- 
age from the OUTPUT LEVEL control. 
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The AGO attack and compression response is altered by 
adjusting the integrator charging time constant or integrator 
wave shape current. The three-position ATTACK switch allows 
selection of fast, medium, and slow compression and AGC 
response. When the slow position is selected, an insignificant 
amount of compression will take place, while fast and medium 
combine compression with the AGC action. The AGC release 
rate is controlled by a constant current discharge of the integra- 
tor capacitor. The recovery time constant is linear and adjusted 
by changing the integrator discharge current supplied by Q 1 and 
regulated by the RELEASE rate control. 

The SSM-2134 has been selected for its low noise and high 
performance characteristics. The AGC circuit described is of 
the feedback class, that is, the level detecting rectifier follows 
the voltage controlled amplifier stage. This class of AGC circuit 
combined with the complementary gain reduction compression, 
driven by RMS level detection, and adjustable attack and 
release AGC action, allows this circuit to be as unobtrusive or 
as conspicuous as desired. 

The flexibility and high performance of this design, along with 
the simplicity and cost effectiveness, allows this design to be 
suitable for incorporating in mixing console designs, or in stand- 
alone products. 


TABLE 1: Circuit Performance Specifications 


Input Voltage Range 
(Nominal for OdBu Out) 

-26dBu to -i-IOdBu 
(6mV to 2 45V rms ) 

Rectifier Type 

RMS 

AGC Amplifier Class 

Feedback 

Attack Time 

20 to 200ms 

Recovery Time (6dB) 

3 to 32 SEC 

VCA Feedthrough (Trimmed) 

-lOOdB 

Gain Limit Range (Gain Reduction 22) 

-26dBu to -12dBu 

Frequency Response (20Hz to 20kHz) 

±0.2dB 

S/N Ratio (@ ±10dB Gain) 

1 06dB 

THD + Noise «§> +23dBu, 20Hz to 20kHz) 

0.01% 

IMD (@ + 23dBu, SMPTE 60Hz & 4kHz, 4:1 ) 0.02% 

Output Voltage Slew Rate 

6V/jiS 

Output Voltage (2kQ Load) 

+22dBu or 10V RMS 
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High Performance Stereo Routing Switcher 


The SSM-2402 Dual Audio Switch comprises the nucleus for 
this 16 channels-to-one high performance stereo audio routing 
switcher, which features negligible noise and low distortion over 
the frequency range of 20Hz to 20kHz. This performance is 
achieved even while driving 600Q loads at signal levels up to 
+30dBu. 

The SSM-2402 affords a much simplified electrical design and 
printed circuit board layout, along with reduced manufacturing 
cost, when compared with discrete JFET circuits of similar 
performance. The electrical performance of the design de- 
scribed is vastly superior to CMOS switch designs, which are 
more prone to failure resulting from electrical static discharge. 

The switching control of the SSM-2402 may be activated by 
conventional mechanical switches or 5 volt TTL or CMOS logic 
circuits. The application shown utilizes a simple mechanical 
control switch for illustration purposes only. Many diverse X/Y 
control schemes, destination control, or computer controlled 
designs can be utilized. 


The 'T' configuration of the SSM-2402 switch provides excel- 
lent ON-OFF isolation. The SSM-2402 also features 7ms ramp- 
ed turn on and 4ms ramped turn off for click-free switching. 
Additionally, the switch has a break-before-make switching 
sequence. Both features become significant in large audio 
switching systems where the audio path can pass through 
multiple switching elements. Such controlled switching is very 
important in large systems used in broadcast program switching 
or in production work. 

The application circuit design also employs the SSM-2015 
balanced input amplifier (Figure 1 ). The input impedance is high 
(»100kQ), balanced or unbalanced. The input circuit incorpo- 
rates a single pole RFI filter with a cutoff frequency set at 
145kHz. In addition, the input circuit attenuates the signal by 
25dB and extends the common-mode input voltage range to 
±98 volts peak, with common-mode rejection greater than 70dB 
from 20Hz to 20kHz. The SSM-2015 is set to produce a 15dB 
gain. The signal drive level into the SSM-2402 switch is then 



FIGURE 1: Switcher Schematic 
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FIGURE 2: Switcher Functional Block Diagram 


+ 1 OdBu with a +20dBu input level and +1 4dBu peak, well within 
ideal operating range. Good signal-to-noise is maintained, with 
generous head-room available by electing to use ±18VDC 
power supply voltages. 

The routing switcher bus carries high level unbalanced audio, 
but is driven with low impedance sources. With the output im- 
pedance of the SSM-2015 at virtually OQ and the SSM-2402 
switch ON, resistance is typically 60Q. Bus-to-bus crosstalk is 
exceptionally low. For example, assuming 14pF coupling be- 
tween buses and 20kHz signal, the crosstalk (isolation) ex- 
ceeds 80dB. The 14pF would be representative for the 16 X 1 
stereo design shown. Shielding of the buses with a printed 
circuit board ground plane and physically isolating the input and 
output circuits will reduce the crosstalk even further. The "T" 
configuration of the SSM-2402 switch virtually eliminates 
crosstalk between the various input signal sources. 


The output amplifier incorporates a buffer amplifier that pro- 
vides 4dB of gain (nominally), with adjustable output level trim 
control. The buffer also isolates the switching bus from the 
balanced output amplifier circuit. The balanced output is de- 
signed to drive 600Q loads and utilizes two SSM-2134 1C 
amplifiers. The differential design increases drive capability, yet 
increases the heat dissipation surface area, and keeps 1C 
package temperature well within safe operating limits, even 
when driving 600Q loads. The SSM-2134 is recommended due 
to its low noise, wide frequency response, and output drive 
current capabilities. 

Overall performance of the 1 6 X 1 stereo switcher is noteworthy. 
Input-to-output frequency response is flat to within IdB over a 
1 0Hz to 50kHz band. Total harmonic distortion plus noise is less 
than 0.03%, from 20Hz to 20kHz. SMPTE intermodulation dis- 
tortion is less than 0.02%. The use of ±18VDC power supplies 
produces a +30dBm clip level, even when driving 600Q loads. 
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TABLE 1: Circuit Performance Specifications 


Max Input Level 

+30dBu 

Input Impedance, Unbalanced 

lOOkQ 

Input Impedance, Balanced 

200kQ 

Common-Mode Rejection (20Hz to 20kHz) 

>70dB 

Common-Mode Voltage Limit 

±98V Peak 

Max Output Level 

+30dBu/dBm 

Output Impedance 

67Q 

Gain Control Range 

±2dB 

Output Voltage Slew Rate 

6V/^s 

Frequency Response (±0.05dB) 

20Hz to 20kHz 

Frequency Response (±0.5dB) 

10Hz to 50kHz 

THD + Noise (20Hz to 20kHz, +8dBu) 

0.005% 

THD + Noise (20Hz to 20kHz, +24dBu) 

0.03% 

IMD (SMPTE 60Hz & 4kHz, 4:1 , +24dBu) 

0.02% 

Crosstalk (20Hz to 20kHz) 

>80dB 

S/N Ratio @ OdB Gain 

135dB 
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A Balanced Mute Circuit for Audio Mixing Consoles 


The SSM-2402 Dual Audio Switch enhances the performance 
and simplifies the design of balanced high level switching 
(Mute) circuits used in audio mixing consoles. The use of the 
SSM-2402 and SSM-21 34 creates a design that has negligible 
transient noise (as a result of signal switching), and exception- 
ally low signal distortion over a wide dynamic range. The bal- 
anced high level voltage switch then drives a virtual ground 
summing bus through 1 0kQ resistors. Also included is a design 
for a virtual ground summing amplifier. 


The SSM-2402 is a monolithic dual audio switch that improves 
electrical performance and eases printed circuit board layout 
design. The design reduces manufacturing cost when com- 
pared with discrete JFET designs of similar performance. 
Electrical performance is measurably superior to CMOS switch 
designs, and will be less prone to failure from electrical static 
discharge. 



FIGURE 1: Audio Mixer Channel Mute (On/Off) Circuit, a Balanced Design with High Level Bus Switching 
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The "T" switch configuration of the SSM-2402 provides excel- 
lent ON-OFF isolation. The design shown further improves the 
ON-OFF isolation and left/right channel crosstalk figures by 
maintaining the common-mode rejection ratio of a fully bal- 
anced design. The switch features a 7ms ramped turn-on and 
4ms ramped turn-off, and guaranteed break-before-make 
switching sequence for transient-free audio switching. The 
system performance is improved for large audio consoles that 
have multiple switches in the audio signal path. 

The switch control ports are easily interfaced to conventional 
5 V dc TTL or CMOS digital control circuits, further simplifying 
the control circuit design. Furthermore, product reliability and 
serviceability are improved by the simplified design. The 
application shown uses an elementary control circuit to func- 
tionally illustrate control voltage requirements. Customized 
logic gate control schemes or computer-controlled designs can 
be easily implemented. 

The application circuit design employs dual audio switches 
driven by U 3 , U 4 , U 5 and U 6 inverting amplifiers. Their gain is 
controlled by two dual voltage controlled amplifier (VCA) ele- 
ments U 1 and U 2 . A simplified signal path is shown for applica- 
tion clarity. For additional design information of the SSM-2122 
dual VCA, consult the data sheet. 

The design shown in Figure 1 is signal phase noninverting, and 
incorporates a minimum number of components to minimize 
noise. The input signal source should be balanced to maximize 
separation and crosstalk isolation. PCB layout should also 
utilize equal inductance in each side of the signal path wiring, 
and include equal stray capacitance to ground and other signal 
paths to obtain maximum performance. The SSM-2122 VCA 
provides good gain tracking of the two audio channels, while 
maintaining accuracy in the balanced signal path. 

U 1 1 and U 12 are utilized as high level switches so that other post- 
switching functions can be employed. A nominal drive level of 
OdBu balanced (-6dBu unbalanced) is applied to the switch. 
This level is arbitrary, but will satisfy most signal-to-noise and 
headroom compromises. The output of amplifiers U 3 , U 4 , U 5 , and 
U 6 are AC coupled prior to the switches to further minimize the 
switching transients caused by active component offset volt- 
ages. The balanced virtual ground mixing buses are current 
driven by R s of 10kQ. This value can affect overall system 
performance, and should be modified to suit the size of the 
mixing bus system. A greater number of input mixing channels 
will warrant lower bus drive current. Although the individual 
values of R s and R F can be altered, their values must be the 
same for a summing amplifier voltage gain of one (1). 


TABLE 1 : Circuit Performance Specifications 


Max Input Level 

+30dBu 

Input Impedence, Balanced 

75k£2 

Common-Mode Rejection (20Hz to 20kHz) 

>70dB 

Common-Mode Voltage Limit 

±12V Peak 

Max Output Level 

+30dBu 

Output Voltage Slew Rate 

1 2 V/ps 

Frequency Response (±0.05dBu) 

20Hz to 20kHz 

Frequency Response (±0.5dBu) 

10Hz to 50kHz 

THD + Noise (20Hz to 20kHz, +8dBu) 

0.005% 

THD + Noise (20Hz to 20kHz, +24dBu) 

0.03% 

IMD (SMPTE 60Hz & 4kHz, 4:1, +24dBu) 

0.02% 

ON/MUTE Isolation (20Hz to 20kHz) 

>85dB 

S/N Ratio @ OdB Gain 

135dB 


The active switches' ON resistances are typically 60Q and are 
well matched. One should use 1% or better tolerance series 
resistor R s (lOkft) to minimize imbalance in the signal path. In 
the OFF state, the 'T' configuration of the switch virtually 
eliminates leakage of the input source signal into the mixing 
bus(es). Greater than lOOdB mute isolation at 1kHz can be 
obtained with prudent printed circuit board design since the 
SSM-2402 control inputs and switch terminals are separated by 
ground guards. 

The use of ±1 8V DC power supplies allows a +30dBu (balanced) 
clipping level. All integrated circuit components mentioned will 
operate reliably at ±18V DC , and noise contribution will be in- 
discernible, even in large mixing systems. The balanced input 
to balanced output frequency response is typically greater than 
1 0Hz to 50kHz, within 1 dB. Total harmonic distortion plus noise 
will measure less than 0.01%, from 20Hz to 20kHz at +30dBu, 
with SMPTE intermodulation distortion less than 0.02% under 
the same measurement conditions. 
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A Constant Power "Pan" Control Circuit for Microphone Audio Mixing 


The SSM-2134 permits the design of a constant power, tran- 
sient-free “PAN” control circuit suitable for installation in the 
highest performance audio mixing consoles. The design incor- 
porates unique and vital features. The PAN IN/OUT switch does 
not introduce transient type noise or interruptions in the audio 
when activated or deactivited, and when panning, an accurate 
constant power output is maintained between the sum of the two 
channels. The design allows “punching-in” and “punching-out” 
of the PAN circuit while mixing down or on-the-air, without 
transient clicks or holes in the mix. 

The design utilizes conventional parts, e.g., a single SPST 
switch and a linear 10kQ potentiometer. U 1 (SSM-2134) is used 
as a unity gain, inverting buffer with an input impedance of 
37.4kQ. The input source could be a VCA element or audio 
direct from the fader control. The values shown will allow a VCA, 
for example, the SSM-2013, to be used with only minor addi- 
tions. The overall application circuit is noninverting from input to 
output. 

The 15kQ series input resistors R s , plus the inverting input 
15kQ R, in parallel with 5kQ (1/2 of 10kQ, with the PAN control 


in the center) forms an attenuator that has a 1 4dB loss. Rotating 
the PAN control in either direction decreases the attenuation to 
-1 1 dB for one channel and maximum attenuation for the other. 

J- =J- + _L_ , r l = 3.75kQ 
Rl Ri 5kQ 

Attenuation is calculated as: 

cIBloss = 20 log — — = 20 log 3 75kQ -14dB 

Rl + Rs 3.75kfi + 15kQ 

Amplifier (U 2 & U 3 ) gain is: 

dB G AiN = 20 log^E = 20 logZ5H = +l4dB 
Ri 15kQ 

The frequency response is typically 10Hz to 50kHz, within 
0.5dB. Total harmonic distortion plus noise will measure less 
than 0.007% from 20Hz to 20kHz, and SMPTE intermodulation 
distortion less than 0.01%. The amplifier clipping level is 
+24dBu with ±1 8V DC power supply rails. Headroom is nominally 
30dB, and 27dB at full PAN for the operating channel. 



FIGURE 1 : Constant Power Type Control Circuit with Transient Free IN/OUT Switching 
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TABLE 1: Circuit Performance Specifications 


PAN Range, L^C-* R (L Out) +3dB «*-0dB-^ -80dB 

PAN Range, R *-C-» L (R Out) +3dB 

*-0dB-^ -80dB 

Max Input Level 

+24dBu 

Input Impedance, Balanced 

37.4kQ 

Max Output Level (> 600Q ±18V DC PS) 

+24dBu 

Headroom 

30dB 

Output Voltage Slew Rate 

<6V/fxs 

Frequency Response (±0.05dB) 

20 Hz to 20kHz 

Frequency Response (±0.5dB) 

10 Hz to 50kHz 

THD + Noise (20Hz to 20kHz, +8dBu) 

0.005% 

THD + Noise (20Hz to 20kHz, +24dBu) 

0.03% 

IMD (SMPTE 60Hz & 4kHz, 4:1, +24dBu) 

0.02% 

S/N Ratio 

130dB 
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Three High Accuracy RIAA/IEC MC and MM Phono Preamplifiers 


Although the digital compact disk is rapidly supplanting the vinyl 
disk as the popular media method for professional and con- 
sumer audio entertainment, the electro-mechanical recording 
and reproduction of audio signals has many more years of life. 
The group of phono preamplifier application designs below will 
make the future years with vinyl more productive and pleasant. 
The applications employ solid engineering concepts, and dis- 
miss “golden ear” discussions. 


One design includes an input scheme for both moving coil (MC) 
and moving magnet (MM) - or variable reluctance - transduc- 
ers. All designs employ extremely low noise circuit topologies, 
high accuracy active and passive RIAA (Recording Industries 
Association of America) equalization with selectable old RIAA 
or RIAA/IEC (International Electro-Technical Commission) 
curves. The applications incorporate both consumer and bal- 
anced output circuit configurations. 


+44dB GAIN 


BALANCED OUTPUT 
GAIN TRIM 



* MOVING COIL 
“MOVING MAGNET 


FIGURE 1 : High Accuracy RIAA/IEC MC or MM Phono Preamplifier 
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+22.5dB -0.17dB +16.6dB -17.67dB +16.6dB -3.35dB OdB GAIN 




FIGURE 2: Passive (Multi- Filter) RIAA/IEC Equalized Phono Preamplifier 


A HIGH ACCURACY DESIGN 

In the High Accuracy RIAA/IEC Phono Preamplifier shown in 
Figure 1 , both MC and MM transducer input configurations are 
presented. Both utilize the PMI SSM-201 5 differential amplifier 
and take advantage of the high common-mode rejection it 
provides. The overall circuit structure does not incorporate any 
design compromises. It provides the lowest possible noise, 
adjustable MM input loading, highest accuracy RIAA filtering, 
and is completely devoid of transient and frequency dependent 
gain errors. The wide bandwidth stages minimize in-band phase 
shift, and provide exceptional phase and frequency response 
accuracy. This allows the RIAA/IEC filter to render the exact 
reciprocal of the recorded phase and frequency characteristics. 


Referring to Figure 1 , the MC input circuit has input loading (RJ 
set at 1 00Q. (Note: some MC transducers require 10Q loading 
for maximum reproduction accuracy. For these, replace R L with 
a 10Q metal film resistor.) The input circuit gain is 44dB, and 
provides a -20dBu signal level at point A. 44dB gain should be 
adequate for most MC cartridges available. If U 1 gain requires 
adjusting, use the equation: 

GdB = 20 log|3.5 + 20 * 1C ^ | 

R b sets the U 1 bias value and contributes to symmetrical 
amplifier slewing. The RIAA filter stage that follows U 1 stage(s) 
all but eliminates noise produced by the input amplifier. 
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PHONO 

INPUT 


-48dBu) 

TYPE 



NOTES: Ui-SSM-aOIS 

U 2 3. 4 - SSM-2134 

1% - POLYPROPYLENE OR POLYSTYRENE METALIZED FILM CAPACITORS 


FIGURE 3: Passive RIAA/IEC Equalized Phono Preamplifier 


The next stage contains the RIAA-RIAA/IEC equalization filter 
and is built around U 2 , the SSM-21 34 operational amplifier, and 
is an active feedback type filter. The overall gain of this circuit 
at 1 ,000Hz is -2.5dB. RIAA equalization requires a gain of 
19.3dB at 20Hz, and attenuation of 19.6dB at 20,000Hz. The 
open-loop gain of U 2 is greater than lOOdB at 20Hz, and 60dB 
at 20,000Hz, ensuring exceptional equalization accuracy. 

Three filters make up the RIAA reproduction curve. The time 
constants are: 75ps, 318ps, and 3180ps, and a fourth time 
constant in the RIAA/IEC curve is 7960ps. The IEC filter was 
introduced to minimize warp and infrasonic signal interference 
while maintaining flat frequency response down to 40Hz. 

- The 75ps filter is formed by resistors R 1 (9.76k£2) and R 2 
(31 .8kft) in parallel with capacitor C 2 (0.01 pF). 

- The 31 8ps pre-emphasis filter is formed by R 2 (31 .8k£2) and 
C 2 (0.01 pF). 

- The 31 80ps filter is formed by R 3 (31 8kft) and C 3 (0.01 pF). 

- The fourth pole, IEC 7960ps, a high pass filter is formed by 
R 4 (31 .6kQ) and C 4 (0.22pF), and provides 3dB attenuation 
at 20Hz rolling off at -6dB/octave thereafter. 


T able 1 contains the complete RIAA and RIAA/IEC reproduction 
equalization characteristics. RIAA/IEC switching allows selec- 
tion of either reproduction response curves. For the “audio 
purist,” C 5 can be eliminated for a direct coupled design, thus 
reducing envelope and group delay distortions. All amplifier 
feedback circuits are direct coupled, and are referenced to 
circuit ground. The closed-loop gain is kept low to minimize 
input offset voltage. Therefore, only very small DC voltages can 
be expected at the output of the directly coupled version. 

The high level amplifier, U 5 , provides +12.7dB gain and feeds 
the unbalanced Consumer Output jack, with a nominal -1 OdBu 
level. U 5 is followed by balanced output buffer amplifier. The 
nominal output level is continuously adjustable from O.OdBm to 
+10dBm at the balanced output terminals. The output source 
impedance is 75Q, and will drive 600Q loads to a maximum 
+30dBm clip point level. Table 2 shows circuit performance 
specifications. 
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TABLE 1: RiAA/iEC and RiAA Playback Characteristics 


Frequency 

(Hz) 

RIAA /IEC 
Relative Level 
(dB) 

RIAA 

Relative Level 
(dB) 

2.0 

-0.2 


2.5 

+ 1.8 


3.15 

+3.7 


4.0 

+5.7 


5.0 

+7.6 


6.3 

+9.4 


8.0 

+ 11.2 


10.0 

+ 12.8 


12.5 

+ 14.1 


16.0 

+ 15.4 


20.0 

+ 16.3 

+ 19.3 

25.0 

+16.8 

+19.0 

31.5 

+ 17.0 

+ 18.5 

40.0 

+ 16.8 

+ 17.8 

50.0 

+ 16.3 

+ 16.9 

63.0 

+ 15.4 

+ 15.8 

80.0 

+ 14.2 

+ 14.5 

100 

+ 12.9 

+ 13.1 

125 

+ 11.5 

+11.6 

160 

+9.7 

+9.8 

200 

+8.2 

+8.2 

250 

+6.7 

+6.7 

315 

+5.2 

+5.2 

400 

+3.8 

+3.8 

500 

+2.6 

+2.6 

630 

+0.8 

+0.8 

1,000 

0.0 

0.0 

1,250 

-0.8 

-0.7 

1,600 

-1.6 

-1.6 

2,000 

-2.6 

-2.6 

2,500 

-3.7 

-3.7 

3,150 

-5.0 

-5.0 

4,000 

-6.6 

-6.6 

5,000 

-8.2 

-8.2 

6,300 

-10.0 

-10.0 

8,000 

-11.9 

-11.9 

10,000 

-13.7 

-13.7 

12,500 

-15.6 

-15.6 

16,000 

-17.7 

-17.7 

20,000 

-19.6 

-19.6 


TABLE 2: High Accuracy Circuit Performance Specifications 


MC Nominal Input Level 

-64dBu (0.5mV) 

MC Input Impedance 

100Q 

MM Nominal Input Level 

-48dBu (3.0mV) 

MM Input Impedance, Resistive 

69kQ or 47kQ 

MM Input Impedance, Capacitive 

50pF to 350pF 

Common-Mode Rejection (20Hz to 20kHz) 

>50dB 

Common-Mode Voltage Limit 

±10V Peak 

Nominal Output Level, Balanced 

+8dBu/dBm 

Max Output Level, Balanced 

+30dBu/dBm 

Output Impedance, Balanced 

70Q 

Gain Control Range, Balanced O.OdBu to lOdBu/dBm 

Nominal Output Level, Unbalanced 

-lOdBu 

Max Output Level, Unbalanced 

+24dBu 

Output Impedance, Unbalanced 

1 ,000Q 

Output Voltage Slew Rate 

>6V/ pis 

RIAA Reproduction Characteristics 
(20Hz to 20kHz) 

±0.25dB 

RIAA/IEC Reproduction Characteristic 
(2Hz to 20kHz) 

±1 .OdB 

Wideband Frequency Response (±1.0dB) 

0.0Hz to 70kHz 

Signal-to-Noise Ratio (20Hz to 20kHz) 

>90dB 

THD + Noise 

(20Hz to 20kHz +8dBu, Any Output) 

0.01% 

IMD (SMPTE 60Hz & 4kHz, 4:1) 

0.02% 


A PASSIVE MULTI-FILTER DESIGN 

The Passive Split Multi-Filter RIAA/IEC Preamplifier design, 
shown in Figure 2, is intended for moving magnet (MM) input 
phono transducers. The design has an extremely low noise 
circuit topology, high accuracy passive RIAA/IEC equalization 
filters, and both unbalanced consumer and balanced output 
circuits. The input configuration utilizes the SSM-2015. It pro- 
vides the lowest possible noise, adjustable resistive and ca- 
pacitive input loading, and high accuracy passive RIAA filtering 
totally devoid of transient and frequency dependent gain errors. 

Referring to Figure 2, the following two stages contain the RIAA- 
RIAA/IEC passive equalization filters. All high pass and low 
pass filters are passive. The signal is amplified by U 2 and U 3 
SSM-21 34 op amps. The overall gain of the circuit at 1 ,000Hz 
is 38dB. RIAA equalization requires a gain of 19.3dB at 20Hz, 
and attenuation of 19.6dB at 20,000Hz. Open-loop gain of U 2 
and U 3 is greater than lOOdB at 20Hz, and 60dB at 20,000Hz. 
Closed-loop gain of U 1 is 22.5dB, and U 2 , U 3 is 16.6dB, 
ensuring an extensive gain margin for phase accuracy. Refer to 
Table 3 for complete circuit specifications. 
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TABLE 3: Passive Multi-Filter Circuit Performance 
Specifications 


MM Nominal Input Level 

-48dBu (3.0mV) 

MM Input Impedance, Resistive 

69kQ or 47kQ 

MM Input Impedance, Capacitive 

50pF to 350pF 

Common-Mode Rejection (20Hz to 20kHz) 

> 50 dB 

Common-Mode Voltage Limit 

±10V Peak 

Max Output Level, Balanced 

+30dBu/dBm 

Nominal Output Level, Balanced 

+8dBu/dBm 

Output Impedance, Balanced 

70Q 

Gain Control Range, Balanced O.OdBu to lOdBu/dBm 

Nominal Output Level, Unbalanced 

-lOdBu 

Max Output Level, Unbalanced 

+24dBm 

Output Impedance, Unbalanced 

1 ,000Q 

Output Voltage Slew Rate 

>6V/^is 

RIAA Reproduction Characteristic 
(20Hz to 20kHz) 

±0.25dB 

RIAA/IEC Reproduction Characteristic 
(2Hz to 20kHz) 

±0.5dB 

Wideband Frequency Response (±1.0dB) 

0.0Hz to 70kHz 

Signal-to-Noise Ratio (20Hz to 20kHz) 

>90dB 

THD + Noise 

(20Hz to 20kHz +8dBu, Any Output) 

0.01% 

IMD (SMPTE 60Hz & 4kHz, 4:1) 

0.02% 


TABLE 4: Uncomplicated Passive Circuit Performance 
Specifications 


MM Nominal Input Level 

-48dBu (3.0mV) 

MM Input Impedance, Resistive 

69kQ or 47kQ 

MM Input Impedance, Capacitive 

50pF to 350pF 

Common-Mode Rejection (20Hz to 20kHz) 

> 50dB 

Commom-Mode Voltage Limit 

±10V Peak 

Max Output Level, Balanced 

+30dBu/dBm 

Nominal Output Level, Balanced 

+8dBu/dBm 

Output Impedance, Balanced 

70Q 

Gain Control Range, Balanced O.OdBu to lOdBu/dBm 

Nominal Output Level, Unbalanced 

-lOdBu 

Max Output Level, Unbalanced 

+24dBu 

Output Impedance, Unbalanced 

1 ,000Q 

Output Voltage Slew Rate 

>6V/^s 

RIAA Reproduction Characteristic 
(20Hz to 20kHz) 

±0.5dB 

RIAA/IEC Reproduction Characteristic 
(2Hz to 20kHz) 

±1 .OdB 

Wideband Frequency Response (±1.0dB) 

0.0Hz to 70kHz 

Signal-to-Noise Ratio (20Hz to 20kHz) 

>90dB 

THD + Noise 

(20Hz to 20kHz, +8dBu, Any Output) 

0.01% 

IMD (SMPTE 60Hz & 4kHz, 4:1) 

0.02% 


AN ECONOMICAL APPROACH 

An Uncomplicated Passive RIAA/IEC Preamplifier is shown in 
Figure 3. It is a low cost, practical design for a passively 
equalized RIAA/IEC phono preamplifier. The design shown is 
for moving magnet (MM) input. It also is an extremely low noise 
input circuit design, and includes both unbalanced consumer 
and balanced output circuit configurations. The input circuit also 
utilizes the SSM-2015, and provides adjustable resistive and 
capacitive input loading. Wide bandwidth stages minimize in- 
band phase shift, and provide exceptional phase and frequency 
response accuracy. Table 4 details circuit performance data. 

SUMMARY 

For a phono transducer cartridge to deliver the performance as 
intended, it should be loaded with proper resistance and capaci- 
tance. The MM input circuits have adjustable transducer load- 
ing. Most transducers currently available will be accommodated 
with resistive loading of 69kQ or 47kQ, and capacitive loading 
of a few pF (input wiring dependent) to 350pF, in 50pF steps. 

If greater input common-mode noise rejection is required, it can 
be obtained in all input designs by increasing the value of the 
1 00Q resistor and 0.1 pF capacitor connected between the input 
RCA jack shield connection and the main circuit ground point. 
The values shown satisfy most requirements for 1 meter cables 
supplied with the newer tone arms. 


All circuits described are signal noninverting, and constructed 
with bipolar 1C amplifiers for lowest noise. They are compen- 
sated for widest bandwidth and circuit stability. 


To achieve optimum trouble-free performance, a few construc- 
tion and manufacturing tips should be observed. For grounding 
to be truly effective, all grounded components must return to a 
single point. This technique is effective in minimizing ground 
current loops that can cause excessive noise, signal cross-talk, 
AC power line noise, and circuit instability, and permit external 
noise spikes to enter. The ground center should be as close to 
the input amplifier (U^ as possible. All grounded components 
of U 2 , U 3 , U 4 , U 5 , the output jack grounds, and the power supply 
ground lead should be tied to the same U 1 ground point. 


As long as the power supply leads are kept short, and ade- 
quately filtered and bypassed with polyester film capacitor at 
the regulators, there is no need for individual decoupling capaci- 
tors at U 2 , U 3 , U 4 , and U 5 . The power supply voltages should be 
regulated for ±18V DC . 



All signal filter components should be of the highest quality, i.e., 
metalized polypropylene or polystyrene film, 1% tolerance ca- 
pacitors (except for C 5 , 5% tolerance is OK) and metal film 
resistors, 1% or better tolerance. 
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A Two-Channel Dynamic Filter Noise Reduction System 


In this application, the SSM-2120 Dynamic Range Processor 
and SSM-2134 op amp are utilized in a dual-channel dynamic 
noise reduction circuit, where the input signal level and thresh- 
old control determine the corner frequency of a low-pass filter. 


The SSM-21 20 contains two class A VCAs (Voltage Controlled 
Amplifiers) that are used as the filter’s control element, and two 
wide dynamic range full-wave rectifiers with control amplifiers. 
The VCA section or variable resistor is a current device con- 



FIGURE 1 : Two-Channel Dynamic Filter Noise Reduction System 
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trolled by the +V C voltage control ports. The VCAs are employed 
as variable resistor elements in a single-poie low-pass filter 
operating in a virtual ground configuration. The level detecting 
rectifier is a full-wave averaging type with more than lOOdB 
dynamic range, followed by a LOG amp converter. The part also 
contains two operational amplifiers with PNP output transistors 
used to drive the +V C ports. 

U 1 and U 2 (SSM-2134) are input amplifiers and source-load 
isolating buffers. They provide a choice of noninverting, invert- 
ing, or balanced inputs. Unbalanced loading is lOkft and bal- 
anced loading is 20kft. U 1 and U 2 gain is set at OdB, with a - 
1 0dBu nominal input signal recommended using ±1 8V DC power 
supply rails. This configuration will provide an overall circuit 
headroom of more than 30dB. In less critical applications, the 
feedthrough trim controls and 220k£2 resistors can be eliminated. 

DETAIL CIRCUIT DESCRIPTION FOR U ? (SSM-2120), 

AND U 3 and U 4 

The rectifier circuit is configured to provide a negative control 
voltage referenced to ground. The LOG amplifier’s bias is set by 
the 1.5MQ resistor. The 1.5MQ resistor also provides the 
discharge path for the IpF rectifier averaging capacitor. The 
discharge time constant controls the low-pass filter’s action 
toward a lower corner frequency. The LOG amplifier provides a 
constant current charging for the 1p.F averaging capacitor. It 
results in an attack (return to flat response) time constant T co of 
approximately 6ms, and a low-pass filter activation T C1 of 350ms. 

The internal op amp of U 7 has the gain V Q set at 47. The po- 
tentiometer at the inverting input provides the adjustable 
threshold to activate the filter. The threshold adjustment ranges 
from -40dBu to OdBu of input signal level. The output from the 
op amp drive transistor supplies only a negative control voltage 
to the VCA (+V C ) control port(s). For example, with the filter 
threshold control adjusted to OdB and a -1 OdBu signal applied 
to the input, f ci is ~4kHz; or with -20dBu applied, f C2 is ~1 .2kHz, 
both rolling off at 6dB/Octave. With the input signal level 
exceeding the filter threshold setting (0V VCA control voltage 
present), the overall circuit frequency response is 20Hz to 
16kHz, at ±1dB. 

The VCA audio input current is limited by the 37.4kQ resistor. 
The VCAs operate as current devices whose outputs feed the 
virtual ground of an amplifier loop. The feedback capacitor 
around the amplifier loop sets up a single-pole low-pass filter. 


The SSM-21 20 (U 7 ) inverts the signal current; therefore, U 5 and 
U 6 are required to invert the output signal that is summed at the 
input(s) of U 7 . 

The design is an effective single-ended noise reduction circuit 
with low distortion and noise. When utilized on a noisy signal 
source, it will attenuate high frequency noise with inconspicu- 
ous operation. 


TABLE 1: Circuit Performance Specifications 


Nominal Input Voltage (-10dBu Out) 

-1 OdBu 

Headroom (-10dBu Out) 

+30dBu 

Input Voltage Range 

-20dBu to +10dBu 

Input Type/Impedance, Balanced 

20kO 

Input Type/Impedance, Unbalanced 

10ka 

Dynamic Noise Reduction Class 

Dynamic Low-Pass 

Filter Activate Time Constant (6dB) 

350ms 

Threshold Range (Level) 

-40dBu to OdBu 

Filter Deactivate Time Constant 

6ms 

Signal Rectifier Type 

Full Wave Averaging 

Modulation Feedthrough, Trimmed 

-lOOdB 

Frequency Response (20Hz to 16kHz) 

±1dB 

Filter Type, Low-Pass 

Single Pole, 6dB/Oct 

Input 10dB Below Threshold Setting 

f c1 = 3, 800Hz 

Input 20dB Below Threshold Setting 

f C2 = 1, 400Hz 

Dynamic Range 


@ OdB Gain (Ref. +22dBu) 

106dB 

THD + Noise (20Hz to 20kHz) 

0.02% 

IMD (SMPTE 60Hz & 4kHz, 4:1) 

0.05% 

Output Voltage (2k£2 Load) 

+22dBu 

Output Type 

Unbalanced 

Power Supply 

±18V dc Regulated 
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An Unbalanced Mute Circuit for Audio Mixing Channels 


This application note describes a dual channel unbalanced 
analog audio mute switch, for use in audio console mute 
circuits. The SSM-2402 dual audio switch, when used in the 
virtual ground configuration, truly enhances any audio mute 
design. The application, as shown in Figure 1, incorporates 
unbalanced stereo input buffers, dual stereo electronic virtual 
ground switches (with simplified control circuit), and virtual 
ground summing amplifiers. 


THE AUDIO SWITCH AS IMPLEMENTED 

The design utilizes the SSM-2402 (U 1 and U 2 ) dual audio switch 
in a virtual ground switching configuration. This method of 
operation improves linearity over a wide dynamic range. The 
SSM-2402 utilizes JFET switching, with internal wide band- 
width integrated amplifiers applied in a unique configuration. 
The result is low transient intermodulation distortion, low THD, 
and low IMD, while essentially eliminating all audio switching 



CHANNEL A 
(L) OUT 
(~6dBu NOM) 


CHANNEL A 
(R) OUT 


CHANNEL B 
(L) OUT 


CHANNEL B 
(R) OUT 


FIGURE 1 : Audio Mixer Channel Mute (On/Off) Circuit (Unbalanced Design with Virtual Ground Switching) 
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transients. The 3SM-2402 switch dosed (ON) resistance is 
typically 60Q in series with R g (1 OkQ). As shown in this mixing 
system, the tolerance of the 600 contributes to less channel 
imbalance than the 1% resistor tolerance, thus eliminating the 
need for level trim adjustments. 

The SSM-2402 employs a "T" switching configuration that 
yields superior ON-OFF signal isolation. In the OFF state, the 
"T" configuration of the SSM-2402 virtually eliminates leakage 
of the input signal (down more than lOOdB at 1kHz with guard 
pins 3, 5, 1 0 and 1 2 grounded) onto the mixing bus(es). The part 
also features a 7ms ramped turn ON and 4ms ramped turn OFF, 
for transient free audio switching even with signal applied. The 
switch also operates with a break-before-make switching se- 
quence. These properties are significant when many remotely 
controlled electronic switches are connected in series and 
controlled by a single device, as in large audio systems man- 
aged by an automation computer. 

CONTROL INTERFACE 

In this application note, the bus assignment (selection) switches 
are shown functionally for clarity. The control ports of the SSM- 
2402 can easily be interfaced to conventional 5V TTL or CMOS 
logic control circuits. +5V DC (logic high) closes the switch (ON), 
and 0V DC (logic low) opens the switch (OFF). The common 
interface levels improve the reliability and serviceability of any 
products it's designed into. Diverse logic gate control designs or 
computer controlled schemes can easily be implemented. 

DRIVE REQUIREMENTS - THE INPUT CIRCUIT 

The application employs two SSM-2402 dual audio switches in 
a four-bus configuration (two stereo buses) driven by U 3 , U 4 and 
U 5 , U 6 bipolar amplifiers. The buffer amplifiers are signal in- 
verting, with their gain set to OdB (A v = 1 ). The input amplifiers 
also serve as source signal level clippers that prevent the input 
signal from exceeding the input range of the switches, thus 
preventing the switches from passing a distorted signal when 
overdriven in the open (OFF) state. A nominal input drive level 
of -1 OdBu is applied to the switch and will maximize the signal- 
to-noise ratio, and optimize headroom. The output of U 3 , U 4 , U 5 , 
and U 6 are AC coupled to further minimize the switching tran- 
sient noise caused by signal path DC voltages from previous 
origins. 

The virtual ground mixing buses are current driven by R B 
(1 0.OkQ) resistors. Once again, this is a compromise value that 
can be changed to accommodate the extent of the mixing bus 
implemented. A greater number of input mixing channels will 
warrant a lower bus drive current. Although other values can be 
used, the resistance values of R g and R F should be the same. 


As shown (±18 V dc power) P. B will apply approximately 1.7mA 
peak current to the mixing bus. This is well within SSM-2402 
switching capabilities, as well as the SSM-2134 drive capabili- 
ties. The signal current is low enough to keep return ground 
currents low enough to prevent crosstalk resulting from the 
mechanical wiring constraints. Returning ground currents inde- 
pendently to the noninverting input of the summing amplifier is 
advised. 

THE OUTPUT SUMMING AMPLIFIER 

The design utilizes the SSM-2134, the PMI version of the 
popular NE5534 bipolar operational amplifier. The circuit fea- 
tures a significant reduction in summing amplifier noise, a 
decrease in temperature and bus impedance effects on the 
static output voltage as a result of using a bipolar amplifier. This 
design also balances the input circuit reflected source imped- 
ance of the bipolar 1C amplifier, alleviating the unity-gain insta- 
bility and eliminating the unbalanced input topology for inverting 
summing designs that could cause output offset. 

The SSM-2134 has a noise voltage of 2.8nV/ VTtz, thus the 
noise floor is reduced by 3 to 1 0dB. Additionally, frequency and 
phase response performance have been improved. Only mini- 
mal compensation is required in the feedback loop of the SSM- 
21 34 to maintain unconditional stability. The slew rate remains 
greater than lOV/ps, with bandwidth exceeding 50kHz. 

SUMMARY 

The design application shown in Figure 1 is signal noninverting, 
and utilizes a minimum number of noise generating elements. 
The circuit configuration produces linear signal mixing at the 
virtual ground summing node (e s = 0V AC ); therefore, no re- 
flected interaction occurs between the input sources. The signal 
input to any output frequency response is typically 10Hz to 
50kHz, ±0.5dB. Total harmonic distortion plus noise will meas- 
ure less than 0.01%, from 20Hz to 20kHz. SMPTE intermodu- 
lation distortion is less than 0.02%. With prudent printed circuit 
board design, a greater than 1 0OdB mute isolation @ 1 kHz can 
be obtained. 

The application shown employs ±18V DC power supplies to 
produce a +24dBu audio output clip level. All SSM components 
will operate with equal reliability at ±20V DC , producing ap- 
proximately a IdB increase in clip level. If the extra headroom 
is necessary, a ±20V DC power supply voltage is encouraged. 
The noise increase will be indiscernible, even in large mixing 
systems. 
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A Two-Channel Noise Gate 


This application applies the SSM-21 20 as a dual-channel noise 
gate or adjustable threshold downward expander. A noise gate 
is a type of noise reduction system that fully attenuates a VCA 
when no audio signal is present. The SSM-21 20 contains two 
class A VCAs (Voltage Controlled Amplifiers) and two wide 


dynamic range full-wave rectifiers and control amplifiers. The 
VCA section is a current amplifier device whose gain is con- 
trolled by two gain ports that have dB/V scaling. The VCAs are 
employed as wide bandwidth amplifiers with the current inputs 
and outputs operating in a virtual ground configuration. The rec- 



FIGURE 1 : Two-Channel Noise Gate 
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tifiers are full-wave averaging type with IQOdB dynamic range, 
followed by LOG converters. The part also contains two opera- 
tional amplifiers with PNP output transistors connected in a 
common collector configuration. 

Two SSM-2134s are used as input amplifiers, U 1 and U 2 , to 
provide noninverting, inverting, or balanced inputs. Unbalanced 
loading is 10kQ and balanced loading 20kQ. U 1 and U 2 gain is 
set at OdB, and with a -1 OdBu nominal input signal and ±1 8V DC 
power, will provide overall circuit headroom of 30dB. The 
VCA(s) could be DC coupled, although in this application they 
are AC coupled to reduce the dependence on trimming the side 
chain voltage modulation feedthrough. In critical applications 
the feedthrough trim controls and 220kQ resistors should be 
added. 

The SSM-2120’s internal rectifier produces a negative DC 
voltage referenced to ground. The LOG amplifier bias is set by 
the 1.5MQ resistor. The 1.5MQ resistor also provides the 
discharge current path for the 1 pF capacitor, that controls the 
gate’s downward expansion time constant. The LOG amplifier 
provides a constant current capacitor charging value. It results 
in an attack (return OdB gain) time constant T c of approximately 
6ms, and a downward expansion T c of 350ms. 

The internal op amp gain A v is set at 47, with the inverting input 
also providing the reference voltage. The reference voltage 
range from the gate threshold control allows the gating to 
activate at any source signal level from -40dBu to OdBu. The 
output from the op amp drive transistor supplies a negative 
control voltage to the VCA (+V C ) control port(s). The VCA(s) 
control ports have a sensitivity of 6mV/dB. As shown, the 
voltage divider provides a 2:1 downward expansion slope. 
Below the threshold level, the gain slope is 2dB Q /dB |N . 

The VCAs are current output amplifiers that are designed to 
operate with virtual ground configurations such as U 3 and U 4 . 
The VCA input current is supplied by the 37.4kQ resistor and 
input voltage signal. The virtual ground amplifier feedback 
resistors are 37.4kQ. With no VCA control voltage, the overall 


circuit voltage gain is 1 (OdB). Other non-gating gains can be 
attained by changing the output amplifiers feedback resistor 
value. The VCA input resistor should remain as shown for 
maximizing the performance of the VCA(s). 


TABLE 1: Circuit Performance Specifications 


Nominal Input Voltage (-10dBu Out) 

-lOdBu 

Headroom (-10dBu Out) 

+30dB 

Input Type/Impedance, Balanced 

Unbalanced 

20kQ 

10kQ 

Downward Expander Class 

Feedthrough 

Threshold Sense Time Constant (6dB) 

350ms 

Threshold Range (Level) 

-40dBu to OdBu 

Gate Deactivate Time Constant 

6ms 

Signal Rectifier Type 

Full-Wave Averaging 

Modulation Feedthrough, Trimmed 

< -60dBV 

Gain Reduction Ratio, 

Downward Expansion 

1 to 2 (-2dB/dB) 

Frequency Response (20Hz to 20kHz) 

±0.25dB 

Dynamic Range 

lOOdB 

THD + Noise (20Hz to 20kHz) 

0.02% 

IMD (SMPTE 60Hz & 4kHz, 4:1) 

0.05% 

Output Voltage Slew Rate 

6V/jxs 

Output Voltage (2kQ Load) 

+22dBu 

Output Type 

Unbalanced 

Power Supply 

± 18V dc Regulated 
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A Precision Sum and Difference (Audio Matrix) Circuit 


When constructing an accurate sum and difference signal from 
stereo left and right sources, amplitude and phase (delay) 
errors can contribute substantial amounts of crosstalk in the re- 
constructed left and right audio channels. A minor IdB differ- 
ence, or 6° phase error, will result in only 25dB stereo channel 
separation. The design presented has essentially no phase or 
group delay in the sum or difference outputs as measured over 


the audio spectrum, 20Hzto 20kHz. This circuit utilizes matched 
(laser trimmed) resistor networks combined with high open-loop 
gain differential amplifiers to guarantee virtually no phase and 
amplitude error in the sum and difference channels. 

Amplifiers U 3 and U 4 (SSM-2134) are utilized as input signal 
buffers that provide a low source impedance (0Q) to the 1 0kQ 
summing resistors that feed the virtual ground current summing 



FIGURE 1 : Precision Sum and Difference (Audio Matrix) Circuit 
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nodes of and U 2 . The overall gain of the buffer circuit is OdB. 
The buffer amplifiers, U 3 and U 4 , are compensated for a fre- 
quency response that extends to 100kHz at +24dBu. The 
buffers are configured as inverting amplifiers for lowest phase 
and group delay effects. 

U 1 and U 2 (SSM-2015) are true differential input, high perform- 
ance bipolar amplifiers. The current summing inputs have been 
employed for sum and difference operations. All bipolar and 
JFET op amps exhibit considerable propagation time differ- 
ences between inverting and noninverting inputs, which result 
in phase and group delay errors. The SSM-201 5 was selected 
because this device has practically equal propagation time 
between inverting and noninverting inputs (typically less than 
10ns differential). This important characteristic produces high 
accuracy L + R and L - R signals. Because U 1 and U 2 are ultra- 
low noise audio preamplifiers, they contribute little noise and 
distortion to output signals. 

U 5 (OP-21 5GP) is a dual JFET amplifier, and is utilized as a long 
time constant integrator, or DC servo amplifier. The nonin- 
verting input is referenced to ground (0V DC ) and will hold the 
output terminals of U 1 and U 2 at 0V DC . Capacitor (AC) coupling 
is not recommended as it would allow formation of envelope and 
low frequency group delay distortion. 


CONSTRUCTION REQUIREMENTS 

All 1 0kQ resistors must be matched within 0.05% of each other, 

but can be 5% in value tolerance. The 0.1 pF capacitor in the 

integrator circuit should be a metalized polyester film capacitor 

with 10% tolerance. The power supply rails are regulated at 

±18V dc . 


TABLE 1 : Circuit Performance Specifications 


Frequency Response (± 0.02dB) 

20Hz to 20kHz 

Dynamic Range (20kHz Bandwidth) 

104dB 

THD + Noise (20Hz to 20kHz, +24dBu) 

0.007% 

IMD (SMPTE 60Hz & 4kHz, 4:1, +24dBu) 

0.015% 

Slew Rate 

lOV/ps 

Nominal Signal Level 

-lOdBu 

Maximum Output Voltage 

(2kn Load) +23.3dBu or 1 1 .3V RMS 

Amplitude Accuracy 

0.05% 

Differential Error 

<10ns 
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A Two-Band Audio Compressor/Limiter 


The two-band audio compressor amplifier shown in Figure 1 
features separate and adjustable signal compression ratios and 
threshold levels. This design employs the SSM-21 20 Dynamic 
Range Processor, and SSM-21 34 low noise op amps. 

The design features: an inverting or noninverting input buffer 
amplifier: high-pass and low-pass filters; and a voltage-con- 
trolled amplifier driven by a log-average level detector with a 
full-wave rectifier. Additionally, there are fully adjustable gain 
reduction controls, and adjustable compression threshold level 
controls. Signal-to-noise ratio exceeds lOOdB, while the level 
detector allows the compressor to operate transparently 
throughout the audio spectrum without interaction between high 
and low bands. 


The circuit includes a line level input (-1 OdBu to OdBu nominal) 
buffer amplifier, with inverting or noninverting inputs that have 
10kQ input impedance. The buffer also limits step-function 
slewing voltages from entering the next stage and isolates the 
input source from the high-pass and low-pass filter stages. 

Both high-pass and low-pass filters are of the single-pole type. 
This filter class eliminates combing effects in the stop bands, 
and compensates for compressor artifacts when the two bands 
are summed back together in the output amplifier stage. Such 
artifacts include the compressor’s effect on the amplitude of 
each independent band, and the filter's effect on the summing 
influence has been taken into account in the design. 


HIGH-PASS 

THRESHOLD BALANCE 



FIGURE 1 : Two-Band Audio Compressor 
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Two continuously variable gain reduction controls (R qr ) in the 
VGA control circuit provide independent adjustment^ com- 
pression gain slopes. The GAIN REDUCTION ratios are each 
adjustable from 2 to 25 for high-pass and low-pass bands. This 
range of adjustment provides mild compression to severe 
limiter/clipper action independently on each band. Thus the 
irritating “hole producing and pumping” character of single, 
wide-band compressor circuits can be reduced. The SSM-21 20 
provides a dynamic range of greater than lOOdB over the 
frequency range of 20Hz to 20kHz with typically less than 0.02% 
THD + noise, and 0.05% IMD. Figure 2 shows THD+N vs. 
frequency, and Figures 3 and 4 provide compression and ratio 
characteristics. 

The Compression Threshold control (R T ) allows the compres- 
sor to take effect from - 30dBu to +20dBu input levels. The 
SSM-21 20's log-average precision rectifier is configured as a 
feedback-type level detector. The design produces consistent 
and precise compression profile of the input signal with no 
threshold level or compression drift over time and temperature. 

The SSM-21 20’s full-wave log-averaging rectifier and control 
amplifier form an integrator and buffer circuit that isolates the 
low impedance VCA control port from the integrator timing 
circuit. This circuit senses the VCA output level and modifies its 
compression profile by feeding the averaged VCA signal plus 
the compression threshold control signal back into the VCA 
control ports. The control R B balances the threshold amplitude 
between the two bands to pre-establish the compressor dy- 
namics. 



FIGURE 2: THD+N vs. frequency (V IN = 2V RMS , using 80kHz 
low pass filter) 



FIGURE 3: Compression threshold variance characteristics 
(~30dBu to +15dBu) 


The small signal averaging time for the 2pF integration capaci- 
tor shown is 12ms. The attack time to 3dB of final value is about 
6ms and is almost independent of signal level increase for level 
changes in excess of +10dB. The compression release rate is 
controlled by the 1 .5MQ discharge resistor in the integrator 
circuit. The recovery time constant is nearly linear since the 
discharge resistor returns to the -15V DC rail, and the rectifier 
produces a positive control voltage. 


TABLE 1: Circuit Performance Specifications 


Input Voltage Range 
(Nominal for OdBu Out) 

-lOdBu to OdBu 
245mV to 755mV 

Rectifier Type 

Averaging 

Compressor Amplifier Class 

Feedback 

Attack Time (+1 OdB or Greater Level Change) 6ms 

Recovery Rate 

1 ,67dB/ms 

Feedthrough, Trimmed 

-lOOdB 

Gain Reduction Range 

2 to 25 

Frequency Response (20Hz to 20kHz) 

0.2dB 

Dynamic Range @ OdB Gain 

100dB 

THD + Noise ( 20Hz to 20kHz) 

0.02% 

IMD ( SMPTE 60Hz & 4kHz, 4:1) 

0.05% 

Output Voltage Slew Rate 

6V/ps 

Output Voltage (2k£2 Load) 

+22dBu or 1 0V RMS 



I AUDIO PRECISION AMPL(dBu) vs AMPL(dBu) 
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FIGURE 4: Ratio characteristics (2:1 to 25:1) 
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A Two-Channel VCA Level (Volume) Control Circuit 


The dual-channel voltage-controlled amplifier (VCA) level control 
circuit describes a useful application of the SSM-2122 dual 
VCA, SSM-21 34 low noise op amp, and.PMI's OP-21 5BP JFET/ 
bipolar op amp. This circuit is very handy when extremely close 
gain matching of a stereo audio source is desired, such as in 
ON-AIR and production audio consoles. 

The design features a balanced input buffer amplifier and VCA 
driven by a level shifting amplifier which is controlled by a single 
10kn linear potentiometer. Additionally, there are fully adjust- 
able and independent gain limit and maximum attenuation trim 
controls. The VCA circuit has a nominal attenuation range 
greater than 95dB and has input overdrive protection. The 
signal-to-noise ratio exceeds lOOdB with a gain of 10dB, and 
headroom of 32dB. The amplitude varies less than ±0.1 dB over 
the frequency range 20Hz to 20kHz. Typical THD and IMD are 
less than 0.005% and 0.02%, respectively. 


As shown, the circuit includes two line-level inputs designed for 
a -lOdBu input signal level. The SSM-21 34 (U 2 and U 4 ) input 
buffer amplifiers can be connected for balanced or unbalanced 
inputs with inverting or noninverting inputs. The input loading 
impedance is lOkft unbalanced and 20kQ balanced. The input 
buffer amplifier also limits step function slewing voltages from 
entering following stages. Other input levels can be accommo- 
dated by adjusting the feedback resistor R F2 . For example: for 
a nominal input level of OdBu, R F2 should be changed to 3.1 6kQ, 
or for a nominal input level of +10dBu, R F2 changed to IkQ to 
provide the optimal current drive to the VCA. C F should also be 
changed to 68pF and 220pF, respectively, for both U 2 and U 3 . 

For other input levels, R F2 can be calculated: 

r F2 = ioxi 0 3xexr(M^) 



FIGURE 1 : Two-Channel VCA Level Control 
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The SSM-21 22 has a current-in and current-out structure. The 
input current is set by resistor R 1 and the virtual ground input of 
the SSM-21 22. Similarly the transimpedance amplifier at the 
output converts the output current into a voltage. All devices in 
this design operate on ±15V DC power supply rails. The 37.4kC2 
VCA input and output resistors optimize its dynamic range and 
minimize distortion. The SSM-21 22 is a monolithic device, so 
the VCA gains remain uniform over a wide change in ambient 
temperature. 

The SSM-21 22 has two gain control ports that have a sensitivity 
of -6mV/dB. 0.0 volts at the gain control ports will yield OdB 
overall gain; +60mV produces +10dB gain and -0.513V corre- 
sponds to a -85dB attenuation. The feedthrough trim null 
controls R FN are not imperative for most applications. However, 
for very high performance requirements they will reduce attenu- 
ation control voltage feedthrough to less than 750^iV. To adjust 
the null trim controls R FN , inject a 100Hz sinewave into the 
control port through a 1 k£l resistor and a 1 0OpF, 1 0V capacitor, 
and set the signal generator to 0.5 V RMS . The control ports of U 6 
are pins 3 and13. Adjust the level control R CTL (fader) for OdB 
gain, with the signal inputs shorted, then adjust R FN for minimum 
100Hz signal at the outputs. 

The output amplifier(s) U 4 and U 5 are virtual ground connected 
current-to-voltage converters. The 37.4kft feedback resistors 
set the circuit voltage gain to OdB with zero volts applied to the 
VCA control ports. Variable resistor R BAL is used to balance the 
signal path gain of the two audio circuits. With the circuit gain 
set to OdB and a test signal applied to the inputs, R BAL is ad- 
justed for equal output levels. 

The VCA provides 10dB of additional gain at maximum level 
setting (+60m V at the VCA control ports) . The TH D is extremely 
low within the characteristic gain range of +1 OdB to -20dB. 

The VCA control circuit is designed around U r the high input 
impedance OP-215 dual op amp. One half of U 1 is used to 
develop the 5V reference voltage for the level control element. 


This is a fail-safe design - with no voltage applied or an open 
connection at terminal V CTL , the gain will descend to -85dB. 
Level control trimming is as follows: with the fader control set to 
minimum (0V), the trim control R_q 5 is adjusted for maximum 
attenuation of -85dB or -0.51 3V DC at pin 1 ofU r Then with the 
fader set to its maximum (5V), trim control R +10 is adjusted for 
maximum circuit gain of +10dB or +60mV. Since there is no 
interaction when adjusting R +10 for +10dB gain, the setting for 
R_ 85 will remain unaffected. Other max-attenuation values can 
be used. R_ 85 has an attenuation range of -45dB(270mV) to - 
93dB (560m V). 


TABLE 1 : Circuit Performance Specifications 


Input Voltage 
(Nominal for -lOdBu Out) 

lOdBu or 245m V RMS 

Input Impedance, Unbalanced 

lOkft 

Imput Impedance, Balanced 

20kft 

Headroom (Nominal for-IOdBu In &Out) 

32dB 

Feedthrough, Trimmed 

<750pV 

Gain Control Range (Nominal) 

+10dB to -85dB 

Gain Control Voltage (+10dB to -85dB) 

5V DC t0 ° V D C 

Frequency Response (20Hz to 20kHz) 

±0.1dB 

S/N Ratio @ 1 0dB Gain 

lOOdB 

THD + Noise (20Hz to 20kHz, +22dBu) 

0.005% 

IMD (SMPTE 60Hz & 4kHz, 4:1 , +22dBu) 

0.02% 

Output Voltage Slew Rate 

6V/ps 

Output Voltage (IkQ Load) 

+22dBu or 10V RMS 

Output Impedance 

<10Q 
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A High-Performance Compandor 
for Wireless Audio Systems 

Wireless audio systems are finding increasing use in live challenge: howto maintain adequate audio performance in view 
performances, as well as in communications equipment where of power supply and current consumption limitations. To reduce 
mobility is required. Designing such systems presents a difficult transmission noise, the audio signal is usually compressed at 



FIGURE 1 : Compressor-Limiter Circuit for Transmitter 
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the transmitter and is expanded at the receiver by using a 
telecommunications industry-standard compandor 1C, which 
has marginal audio performance as measured by professional 
standards. This application note describes a companding system 
utilizing the SSM-2120 Dynamic Range Processor, which per- 
mits considerable improvement over other techniques in terms 
of noise, distortion, feedthrough, and other key audio criteria. 

Transmitters are battery powered and, hence, pose the most 
severe constraints on supply voltages and current consump- 
tion. Receivers are often AC powered, so bipolar supplies are 
more easily accommodated. Since the SSM-21 20 requires split 
supplies, a voltage doubler circuit is necessary for the transmit- 
ter. In some cases, this may be considered unfeasible. In this 
event, however, the SSM-21 20 is still very useful in the receiver 
expander circuit to complement any compressed signal, and to 
improve overall system performance. As a result, the compres- 
sor and expander sections of this application can be considered 
independently. 


THE TRANSMITTER COMPRESSOR AND LIMITER 
CIRCUITS 

COMPRESSOR 

The design described is intended for ±9V DC battery operation, 
and includes a third-order high-pass filter for the elimination of 
subsonic noise and low frequency pops that would cause 
compandor overload or mistracking. 

Figure 1 shows the connection of the SSM-2120 (U 3 ) VCA r 
rectifier, and control amplifier as a compressor. The VCA is 
connected in the feedback loop of the preamplifier U 1 to control 
the gain. The compressor is designed for a 2:1 compression 
characteristic. If the input rises 6dB, the output level will rise 
only 3dB. The gain compression expression is: 

ftain = R 2 * R 4 

reduction ratio “ ~ 

H 1 * 

as long as the rectifier input currents are limited by R 5 , R 6 (1 0k^) 
, and the rectifier has a =10pA reference current. The SSM- 
2120 rectifier and VCA have a dynamic range in excess of 
lOOdB, resulting in exceptional tracking of the expander/com- 
pressor in the compandor system. High quality capacitors and 
resistors should be used to support the accuracy of the SSM- 
21 20 elements. The small-signal averaging time for a 10pF 
integration capacitor is 25ms. The attack time to 3dB of final 
value is also about 26ms and is almost independent of signal 
level increases for level changes in excess of +1 OdB. The decay 
rate is 3ms per dB. The high-pass filter keeps frequencies below 
90Hz from the input of the rectifier, reducing the low frequency 
distortion caused by the VCA control circuit. 

DC and high-frequency feedback are provided for U 1 without 
sacrificing bandwidth or stability. The gain control is adjusted for 
OdBu output with -50dBu applied to the microphone input 
terminals. The VCA is signal inverting. Its output current is 
summed, along with the microphone signal current, at the 
(virtual ground) noninverting input of preamplifier SSM-21 34, 
U r The 10kQ resistor at the input of the VCA limits the input 


current, iswniie the 2200pF, 4/Q network provides frequency 
compensation for the VCA, keeping it stable. 

The lOOkQ resistor from V cc to pin 10 of U 3 establishes the 
operating current for the VCA. To minimize power supply 
current, all pins of the unused VCA should be returned to 
ground. The FEEDTHROUGH trim control is optional, and it can 
be used to minimize the VCA control voltage from feeding 
through to the output. 

PROTECTION LIMITER 

The limiter uses the second rectifier and control amplifier for 
separate and independent attack and decay times, along with a 
steeper gain reduction slope. The limiter threshold control sets 
the predetermined gain limiting point for high input signal levels. 
The gain reduction ratio is 4.6:1 as shown in Figure 1 . Typically, 
the onset of gain limiting should be set to +1 OdBu at the output. 

As in the compressor control circuit, the rectifier input current is 
limited by R 6 , 10kQ, and the rectifier referenced to =10pA as 
well. Lower precision capacitors and resistors can be used 
here. Similar to the compressor, the attack time is much faster 
than the decay. 

The VCA/Preamplifier was designed as a system. The VCA was 
put in the signal feedback loop of the preamplifier principally to 
prevent preamplifier overload, while keeping the overall noise 
low, and minimizing component count. 

POWER SUPPLY 

The application circuit requires two power supply voltages, 
±9V dc . The power consumption, for the circuit shown in Figure 
1, is less than 15mA from each supply. The design described 
will operate properly with good dynamic range as the battery 
voltage begins to fall below the nominal 9V DC . It is assumed that 
two 9 volt batteries would be used, but for the smaller hand-held 
wireless microphones, a single 9 volt battery would be required. 
Figure 2 depicts aDC-to-DC converter that will supply the 


V C C<*9V dc ) 



FIGURE 2: DC-to-DC Converter for +9V DC 
15mA 


t0 ~ 9V DC at 
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The converter circuit incorporates an astable oscillator running 
at 25kHz. It is followed by a capacitor-coupled level shifter and 
rectifier with a filter. A SE/NE555 timer is used in the “output 
sink” mode for maximum efficiency, and longest battery life. 

THE RECEIVER EXPANDER SECTION 
EXPANDER CONTROL 

In Figure 3, the control connection of the SSM-21 20 (U 3 ) VCA, 
rectifier, and control amplifier is shown. The control circuit 
connection to the VCA produces a 1 :2 gain expansion curve. If 
the input rises 3dB, the output level will rise 6dB. The gain 
expansion ratio expression is: 

Gain = R 2 * R 4 

expansion ratio D D 
H 1 # K 3 

The rectifier input current is limited by a 10kQ resistor con- 
nected to pin 9 of U 3 , and the rectifier is biased at 1 0pA current 
through a 1.5M13 resistor connected to V EE . The SSM-21 20 
rectifier and VCA each have a lOOdB dynamic range, resulting 
in accurate tracking of the compressor. 

As with the compressor/limiter circuit, the small-signal averag- 
ing time for a lOpF integration capacitor is 26ms. The attack 
time to 3dB of final value is also about 26ms and is almost 
independent of signal level increases for level changes in 
excess of +10dB. The decay rate is 3ms per dB. 


The control circuit gain values, as shown above, provide a 
control voltage to the VCA section +V C control port [U 3 , pin 5( 1 9)], 
which result in a 1:2 signal expansion characteristic. The 
LEVEL control sets the initial overall gain value, and is adjust- 
able from -10dB to +20dB. 

EXPANDER AUDIO 

Input amplifier U 1 is a buffer between the input signal source 
(FM wireless receiver), the expander rectifier/control circuit, 
and the VCA audio signal input. If the signal source output 
impedance is below 100Q, U 1 can be omitted. The nominal 
source signal level should be -lOdBu. If signal gain or loss is 
required, U 1 gain structure should be modified to provide - 
lOdBu to the VCA input current limiting resistor. The 37.4kQ 
resistor ahead of the VCA input [pin 8,(16)] limits peak signal 
currents to avoid VCA distortion. The VCA signal input(s) are 
virtual ground current inputs. The 150kQ resistor connected to 
V cc and pin 1 0 of U 3 sets the VCA input/output current compli- 
ance range. A VCA input shunting capacitor shown from U 3 pin 
8(1 6) to ground minimizes signal distortion and keeps the VCA 
stable by providing a high-frequency path to ground. The exact 
value is determined empirically. The output of the VCA feeds a 
virtual ground output amplifier, U 2 . The overall audio path is 
signal noninverting, since the VCA is signal noninverting, and is 
combined with two inverting amplifiers U r and U 2 . 



FIGURE 3: Expander Circuit for Receiver Processor 
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TABLE 1: Circuit Performance Specifications 


Compressor/Limiter (Figure 1) 

Input Voltage Range 

(Nominal for OdBu Out) -65dBu to -40dBu 

Compressor/Limiter Rectifier Type 

Averaging 

Compressor Amplifier Class 

Feedback 

Compressor Attack Time (to 3dB of Final Value) 

26 ms 

Compressor Recovery Rate 

3ms/dB 

Feedthrough (Trimmed) 

-70dBV 

Compressor Gain Reduction Ratio 

2:1 

Limiter Attack Time (to 3dB of Final Value) 

13ms 

Limiter Recovery Rate 

1.5ms/dB 

Limiter Gain Reduction Ratio 

4.6 to 1 

High-Pass Filer, F c 

90Hz 

High-Pass Filter Type 3rd Order Butterworth 

Frequency Response (90Hz to 20kHz) 

±0.5dB 

S/N Ratio @ OdB Gain 

lOOdB 

THD + Noise (% 1kHz to 20kHz) 

0.05 

IMD (% SMPTE 60Hz & 4kHz, 4:1) 

0.05 

Output Voltage Slew Rate 

6V/JJ.S 

Power Supply, (Battery) 

±9 ^dc 

Output Voltage (2kft Load, ±9V DC 

+15dBu 

Expander (Figure 3) 

Input Voltage Range (Nominal for OdBu Out) 

-lOdBu 

Expander Rectifier Type 

Averaging 

Expander Amplifier Class Control Feed-Forward 

Expander Attach Time (to 3dB of Final Value) 

26ms 

Expander Recovery Rate 

3ms/dB 

Feedthrough (Trimmed) 

-70dBV 

Gain Expander Ratio 

1:2 

Frequency Response (20Hz to 20kHz) 

±1.0dB 

S/N Ratio @ OdB Gain (Dynamic Range) 

lOOdB 

THD + Noise (% 1kHz to 20kHz) 

0.20% 

IMD (% SMPTE 60Hz % 4kHz, 4:1 ) 

0.25% 

Output Voltage Slew Rate 

6V/ps 

Power Supply 

±1SV DC 

Output Voltage (2k£l Load) 

+21dBu 


AC coupling is not necessary but recommended. When the AC 
coupling is combined with feedthrough trimming, most of the 
unwanted sub-audible signals will be removed from the output 
signal. The unused portion of U 3 (SSM-2120) can be utilized in 
an identical second channel expander. The supply voltage 
should be held at ±1 5VDC to ±1 8VDC, to provide good dynamic 
range and circuit stability. 
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An Automatic Microphone Mixer 


This application note describes an audio-signal activated mi- 
crophone mixer, as shown, designed to accommodate eight 
input channels. The SSM-2120 Dynamic Range Processor is 
the nucleus of this design. The device includes two VCAs and 
two rectifier and control amplifier circuits. The application is 
designed for unattended microphone mixing functions, as would 
be used in a conference room that required sound reinforce- 
ment or conversation recording. The circuit provides automatic 
and transparent channel ON/OFF operation. The audio output 
automatically turns ON in less than 1 0ms and back OFF after 2 
to 4 seconds of no audio. Each channel incorporates independ- 
ent and automatic operation, with ON threshold sensitivity and 
level adjustment (trim) controls. 

THE MICROPHONE PREAMPLIFIER CIRCUIT 

For optimum circuit performance, the nominal output level from 
the microphone preamplifier or other audio source(s) should be 
-1 OdBu. The -tOdBu level allows the SSM-21 20 to provide the 
widest dynamic range and lowest noise, while optimizing the 
headroom of the automatic switch and the microphone pream- 
plifier. 

THE AUDIO SWITCH 

Each audio signal is switched ON and OFF by a VCA (voltage 
controlled amplifier) element. By controlling the turn-ON and 
turn-OFF ramp time, the VCA produces transient-free switch- 
ing. No distortion or “pops” are introduced using this technique. 
The turn-ON is ramped from a maximum of 90dB to OdB 
attenuation in approximately 30ms. With the complete removal 
of the audio, the turn-OFF ramp of ~100ms will begin after 
approximately three (3) seconds. 

The VCA’s input is a current input, virtual ground node. The 
design shown in Figure 1 assumes that ±1 5V DC will power the 
system. With this supply voltage, the 37.4kft input resistor(s) 
will keep the VCA operating at the optimum distortion and 
dynamic range. The 1 50k ft resistor connected from V cc (+1 5V DC ) 
to the reference current pin 10 of the 2120, sets the VCA bias 
operating point. The VCA’s current output is then connected to 
a voltage by a transimpedance amplifier using a low noise SSM- 
21 34 op amp. The VCA input(s) and output(s) are capacitively 
coupled to remove DC components from previous stages. 


THE CONTROL CIRCUIT 

The input signal is rectified and averaged before it is filtered by 
the integrator capacitor (lOpF electrolytic). The small signal 
averaging time constant with this capacitor is approximately 
60ms. The attack time is 30ms to 3dB of the final level, and is 
nearly independent of the magnitude of level increase. The 
discharge time is controlled by the 3.3Mft resistor returned to 
V ee (— 1 5V dc ), which also sets the rectifier reference current. 

The control circuit amplifier has a voltage gain of 217. The 
inverting input is used to set the ON/OFF threshold point, too, 
and allows for the ON Threshold level adjustment. The ON 
Threshold range is adjustable from -40dBu to OdBu as refer- 
enced to the input of the VCA element. The control port +Vc of 
the VCA is used so that a negative control voltage applied will 
produce an attenuation effect. R 4 (221 ft) and R 5 (4.64kft) at- 
tenuate the control voltage by a factor of 22, resulting in a 
maximum attenuation value of 90dB with no audio signal pres- 
ent. 

To minimize the effect of ON/OFF control voltage appearing in 
the output signal of the VCA, the Feedthrough null control circuit 
is recommended. It provides an external method for balancing 
the internal VCA currents and component values. 

THE OUTPUT SECTION 

The design incorporates a virtual ground current summing bus, 
that is fed by the individual mixing channel level control(s) and 
lO.Okft resistor(s). The Level control(s) provides 21 dB attenu- 
ation range (OdB to -21 dB), and is designed to balance the 
different inputs, but not turn them off fully. The lOOkft (linear 
taper) level control(s), for a linear rotation produces a logarith- 
mic attenuation curve. 

The virtual ground summing amplifier establishes half of the 
balanced output circuit, with another inverting amplifier com- 
pleting the balanced output circuit. The circuit is able to drive 
600ft loads to +24dBm levels with low distortion and high 
reliability. 
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FIGURE 1: Automatic Channel Activation Microphone Mixer Diagram Illustrates 8 Input Channels 
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TABLE 1: Circuit Performance Specifications 


Input Voltage, without Preamplifier, 

(for +4dBu Out) 

-1 OdB 

Input Impedance, Unbalanced 

-IkQ 

Headroom (Nominal for -lOdBu In and Out) 32dB 

Turn ON Time (to 3dB of Final Value) 

30ms 

Turn OFF Time (No Signal) 

-3sec 

Turn OFF Ramp Time 

100ms 

Feedthrough (Trimmed) 

>1mV 

ON/OFF Threshold Range (Nominal) 

OdBu to -40dBu 

ON/OFF Gain Extent 

OdB to -90dB 

Frequency Response for ±0.1 dB 

20Hz to 20kHz 

S/N Ratio @ OdB Gain 

1 1 0dB 

THD + Noise (from 20Hz to 20kHz) 

0.005% 

IMD (SMPTE 60Hz and 4kHz, 4:1) 

0.02% 

Output Voltage Slew Rate 

1 2V/fiS 

Rated Output Level (600Q Load) 

+24dBu 

Output Impedance 

68Q 

Output Type 

Balanced 

Power Supply Requirements 

±15V dc Regulated 
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The Morgan Compressor/Limiter 


The following application was written by Michael Morgan, a 
consultant to PMI with extensive experience in the design of 
professional audio equipment, including high-performance 
dynamic range processors. While currently a freelance consult- 
ant, Mr. Morgan spent nine years at Valley International as a 
principal designer of their products. 

This application note describes the configuration of a low cost, 
high quality compressor with variable attack time and ratio 
control using the SSM-2110 Level Detector and SSM-2014 
VCA. The discussion begins with an overview of compressor/ 
limiter fundamentals, and is followed by a description of the 
unique attributes of the integrated circuits and their implications 
for the design engineer. 

COMPRESSOR/LIMITER FUNDAMENTALS 

The function of the audio compressor is, of course, to compress 
the dynamic range of the processed audio signal by altering the 
gain of its signal path in response to the relative level of the 
signal as compared to an arbitrary setpoint called the threshold, 
thus adding gain to low-level signals and reducing gain in the 
presence of high-level signals. 

An audio compressor consists primarily of two functional sec- 
tions, one of which derives a control signal by measuring and 
otherwise manipulating the audio signal to produce a voltage 
suitable for the second functional section, which is the gain 
control element. The gain control element is a device which can 
alter its attenuation, gain, or resistance in response to an exter- 
nal signal, such as a voltage or current. 

The audio compressor differs from a similar device, called a 
limiter, in that a compressor exhibits a rotation point which is 
independent of its threshold setting. The rotation point is the 
locus on a graph of the compressor’s transfer function at which 
the gain control element exhibits unity gain, and through which 
all lines derived from data describing the device’s output level 
as a function of input level will pass. A limiter, in the purest 
sense, adds no gain and has no rotation point. 

The compressor’s ratio is defined as the increase in input level, 
in decibels, above the threshold which will result in an increase 
of output level equal to IdB, and is a function of control circuitry 
gain. For example, each increase of IdB in signal level above 
the threshold may cause a corresponding decrease in gain 
equal to IdB, thus keeping the output level constant for a ratio 
of infinityrl, or it may cause a 1/2 dB decrease in gain, thus 
allowing the output level to rise at a ratio of 2:1 . A compressor 
may have a very high ratio, and conversely, a limiter may have 
a very low ratio. 


SHAPING THE RESPONSE 

Figures 1 a and 1 b illustrate the transferfunction of an ideal com- 
pressor as the ratio is varied with a fixed threshold, and as the 
threshold is varied with a fixed ratio, respectively. Note that in 
both cases, the rotation point is easily identified at OdB. Note 
also that the compressor operates as a limiter when the thresh- 
old is equal to, or higher than, the rotation point. For this reason, 
the device described in this application note may be considered 
as a “compressor/limiter," but because it possesses a rotation 
point, we shall refer to the device as a compressor. 
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FIGURE la: Output vs. Input Transfer Function of an Ideal 
Compressor 
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FIGURE 1b: Output vs. Input Transfer Function of an Ideal 
Compressor Having a Fixed Ratio Showing the Effect of 
Threshold 
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Audio compressors use two types of circuit topologies. In a 
feedback, or closed-loop configuration, the control signal is 
derived by measuring the output level of the gain control ele- 
ment. In a feedforward, or open-loop configuration, the control 
signal is derived by measuring the level of audio present at the 
input of the gain control device. Each topology has its typical 
advantages and disadvantages. The most common type of 
audio compressor uses the feedback topology. Among its 
advantages are: low parts cost; ease of configuration; ability to 
use simple, “linear” control circuitry and gain control elements. 
The disadvantages of the feedback topology are numerous: 
inability to realize continuously variable parameters accurately; 
heavy dependence upon circuit trimming to assure consistency 
in performance from unit to unit; tendency toward overshoot in 
either control signal or processed signal; virtual inability to con- 
figure circuitry for performing arbitrary dynamic functions, such 
as program control of release times, equalized sidechain func- 
tions, and interactive processing having more than one control 
function per gain control element. 

The feedforward topology has long been considered by equip- 
ment designers to be the more versatile method of configuring 
audio dynamics processors. Among its advantages are: precise 
control of dynamics; ability to accurately and continuously vary 
processor parameters, such as ratio and attack-and-re lease 
time constants; easy circuit trimming for unit-to-unit consis- 
tency; possibility to realize arbitrary types of dynamics altera- 
tion; ease in configuration of interactive processing schemes 
using multiple control signals to operate a single gain control 
element; and relative freedom from control and signal over- 
shoot. The disadvantages of feedforward topology have tradi- 
tionally been: dependence upon relatively expensive and little 
understood logarithmic circuitry in configuration; difficulty in 
sourcing high-quality, low cost log/linear multipliers (dB/volt 
VCAs); dependence upon expensive log/RMS detection 
schemes to achieve the required accuracy for wide range of 
control. 

By using integrated building blocks, feedforward control tech- 
nology can be realized by equipment designers by virtue of their 
ease of application and low cost. These readily available inte- 
grated circuits deliver performance equal to or surpassing 
complicated discrete circuits, and are more cost effective for 
general use by equipment manufacturers. 

THE SSM-2110 MONOLITHIC LEVEL DETECTOR 

The SSM-2110 level detector 1C represents a significant ad- 
vancement in low cost, high quality converter circuitry. The 
device greatly simplifies the design of feedforward dynamic 
processors since it produces an accurate output that is propor- 
tional to the log of the absolute value of its input, and the log of 
the rms value of its input, in addition to the corresponding linear 
values. Such versatility is unique among detector/converter 
configurations. 


VARIABLE TIME INTEGRATOR 

In this application, the SSM-2110 is used in the design of a 
feedforward compressor. The log of the absolute value of the 
input signal is extracted, then integrated by a E/I x C circuit 
which corresponds roughly to an RC network in the linear 
domain (see Figure 2). 



FIGURE 2: Simplified Schematic of a Variable Time Com 
stant Log of Average Integrator Using the SSM-2110 


The product of this operation is not, as one would expect, the av- 
erage of the log of the absolute input value. During the integra- 
tion process achieved by charging the integrator capacitor, C, 
the charging current is proportional to the antilog of the voltage 
appearing at the base of Q 1 . Since the voltage at the base of Q 1 
represents the log of the absolute value of the input, the log and 
anti-log terms cancel, thus leaving C to charge as a linear inte- 
grator with a current proportional to the absolute value of the 
input until the voltage across C approaches the voltage at the 
emitter of Q r In this manner, the order of the logging and 
averaging operations are reversed. This is a very important 
phenomenon which directly influences the audibility of the com- 
pression process, and will be discussed at length later. 

The integration time of the circuit in Figure 2 is varied by chang- 
ing the current through the collector of Q 3 . This is accomplished 
by means of the multiplier circuit consisting of the operational 
amplifier, transistors Q 2 and Q 3 , and their associated resistors. 

Current l REF is forced to flow through the collector of Q 2 . The 
V be of Q 2 is thus made to be proportional to the log of l REF by 
virtue of the silicon transistor’s intrinsic logarithmic property, 
idealized in the equation: 

V be = kT/c l x NW w ^ ere 

k = Boltzman’s constant (1.38 x 10 -23 J/K) 

T = Temperature in Kelvins 
q = Charge on an electron (1.60 x 10 -19 C) 
l c = Collector current 

l s = Reverse saturation current (extrapolated as V b0 _► 0) 
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When transistors Q 2 and Q 3 are closely matched, V be of Q 2 , 
which appears also at Q 3 ’s emitter, causes a current equal to l c 
of Q 2 to flowthrough the collector of Q 3 . This transistor collector 
current, l RER may be used to charge or discharge a capacitor, 
to cause a voltage drop across a resistor, or may be converted 
to a voltage at the output of an operational amplifier. The collec- 
tor current of Q 3 may be varied by applying a voltage at the 
bases of Q 2 or Q 3 , or both bases simultaneously. As a rule of 
thumb, at 25°C, each 60mV change in V b will cause a corre- 
sponding ten-fold change in Q 3 ’s l c . By using the “shorthand” log 
relationship for gain in which a ten-fold change in voltage (or 
current) equals 20dB, we can say that the collector current of Q 3 
can be made to vary antilogarithmically at a rate of 1 dB/3mV 
(20dB/60mV). In effect, the circuit generates a voltage at the 
emitter of Q 2 which corresponds to the log of the input current, 
Irep adds the control voltage, then generates a current at the 
collector of Q 3 which is proportional to the antilog of the sum. 
Thus the portion of the circuit formed by the operational ampli- 
fier, Q 2 , Q 3 , and their associated passive components form a 
two-quadrant multiplier whose output is a high compliance 
current sink. 

A positive voltage applied to the base of Q 2 will cause a corre- 
sponding decrease in Q 3 ’s collector current, while a positive 
voltage applied to the base of Q 3 has the opposite effect, caus- 
ing an increase in l c of Q 3 . Both bases may be controlled by 
bipolar voltages, but l REF must flow in the direction indicated by 
conventional current flow through the transistors (must be 
sourcedfrom avoltage more positive than the noninverting input 
of the operational amplifier for NPN transistors). 

In operation, varying the current which discharges C also 
causes a varying offset voltage at the collector of Q 3 which 
equals the change in V b , and must be compensated for in order 
to derive a useful control voltage. Figure 3 shows the response 
to a +10 volt pulse input having a repetition frequency of ap- 
proximately 4 pps and a duty cycle of 50%. Note that the X-axis 
corresponds also to increasing integration time (decreasing I 


of Q 3 ). The illustration is a composite of several sampled wave- 
forms, thus, scalar references in the X-axis are valid only for 
each pulse. 

As can be seen in Figure 3, in the log average detection mode, 
the response of the device to large level changes is relatively 
fast, while the last 50 to 1 00m V of change occurs at the charac- 
teristic integration time determined by the status of the charge 
on the capacitor, C, as it is discharged by the collector current 
of Q 3 . As the voltage across C approaches the voltage at the 
emitter of Q 1 , the transistor behaves less as an antilog element, 
and more as a linear resistance proportional to V b0 /l REp 

These attributes determine the detector circuit’s response to 
complex waveforms, and directly affectthe audibility of the com- 
pression process. Consider ihe following explanation: Humans 
respond to changes in audio signal level by perceiving volume 
as being proportional to the log of the acoustic power emitted by 
a source, thus the human listener perceives a source emitting 
10 watts of "sound," (if the reader will permit such simplifica- 
tions) to be roughly twice as loud as the same source emitting 
only 1 watt. This implies that one should be able to control audio 
levels logarithmically for a natural “sound” in the processed 
output. That is generally the case, but the principle does not 
extend, in a strict sense, to the control of a compressor. 

If one accepts the premise that the most common uses of the 
audio compressor are to enhance the "loudness” of the proc- 
essed material, or to “level” the apparent volume of the proc- 
essed material, one should be aware of the effect of waveform 
complexity upon perceived loudness. A simple example is found 
in the case of a musician playing an instrument: when called 
upon to perform a solo, in order to “stand out” from the back- 
ground music, the instrumentalist produces more complex 
sounds, in addition to producing sounds at a higher relative 
level. The increase in complexity provides a psychoacoustic 
"cue” which translates to the human listener as increased per- 
ceived loudness. 



FIGURE 3: Output Voltage Response of the Variable Time Constant Log of Average Integrator to a LF Square Wave Input 
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During the compression process, if the detector circuitry pro- 
duces a signal which calls for more gain reduction in response 
to the added harmonics in a sound which cause an increase in 
complexity, the gain control element will comply, thus making a 
solo instrumental exit the compressor at a lower level, foiling the 
intent of the performer. This is precisely what happens when 
using RMS detection - the detector circuit (correctly) assesses 
the increased complexity as an increase in sound energy, and 
calls for gain reduction. 

The log averaging detector is relatively insensitive to increases 
in waveform complexity, and ignores” the loudness cue thus 
provided. As a result, a complex waveform exits the compressor 
at a slightly higher level than it would if under the control of an 
rms detector. This rather unique"quirk” found in the log averag- 
ing process allows a solo instrumental or vocal to stand out in 
the processed signal, thus preserving the intent of the per- 
former. 

As a log averaging detector, the SSM-21 1 0 exhibits remarkably 
little departure from an idealized log curve representing its input 
level throughout the entire range of the adjustable integration 
time, and offers superior performance to the equipment de- 
signer in this type of application. In addition, at higher input 
levels, the device does not compressthe waveform at its output, 
thus under-reading the input value. In fact, the detector exhibits 
a gentle and quite predictable deviation from log conformity at 
high input current levels which results in the addition of a linear 
error term. This causes a slight over-reading of the input, and is 
quite useful for aficionados of “soft knee” limiting. It is unlikely 
that any real compressor design would require so wide a range 
of operation that this deviation might pose a problem (> 60 dB), 
but since the error term is so predictable and consistent, it can 
easily be corrected elsewhere in the control circuitry if neces- 
sary. 

THE COMPRESSOR CONTROL CIRCUIT 

Figure 4 illustrates a compressor control circuit incorporating 
the SSM-21 10 as the detector element. Because the tempera- 
ture compensation characteristics of the log recovery amplifier 
are not required in this application (control of a VCA having a 
complementary control sensitivity temperature coefficient) and 
to eliminate trimming of scale factor on a unit by unit basis, the 
log recovery amplifier is disabled by connecting its inputs to the 
IC’s V REF output. This step is necessary for proper operation of 
the 1C when the log recovery amplifier is not used. The log 
recovery transistor is not used since offset is not a real concern 
in this circuit configuration. 

The amplifier in the audio signal path, A v should be of a high 
quality, low noise type such as the SSM-21 34. The remaining 
amplifiers may be general purpose types, preferably having 
FET input stages to minimize the effects of input bias currents 
on the accuracy of the multiplier circuits. 

Amplifier A 2 , and the SSM-2210 matched transistor pair Q 1a / 
Q 1 b form the voltage-controlled current sink for the variable log 
averaging integrator. Amplifier A 4 boosts the output of the inte- 
grators a usable level by increasing the nominal 6mV/dB scale 
factor of the signal at pin 2 to 1V/20dB, or IV per decade. An 


offset corresponding to the change in voltage at pin 2 which 
results from varying the integration time is applied via R 12 . 
Variable resistor VR 2 allows the adjustment of the compressor’s 
rotation point, or that input level at which the output of A 4 will 
be 0V. 

A pair of matching two-quadrant multipliers, which are config- 
ured using amplifiers A 6 and A 0 along with a four-transistor 
array Q 2 (MAT-04), allow adjustment of the compressor’s ratio 
and adds sufficient gain as a function of both the threshold 
setting from VR 4 and A g , and the ratio, as determined by VR 3 
and Ag, to maintain the compressor’s rotation point. Amplifier A ? 
converts the current output of the ratio multiplier from Q 2b into 
a voltage which charges the holding capacitor C 8 via Q 3a to a 
voltage corresponding to the amount of gain reduction required 
of the VCA. Amplifier A 12 converts the current output of the 
maintenance gain multiplier from Q ?c into a voltage correspond- 
ing to the quiescent gain required for the VCA to maintain the 
compressor rotation point, and adds or reduces gain at the VCA 
in response to the output gain control VR ? . 

The release current sink is formed by amplifier A 10 , and two 
sections of monolithic transistor array Q 3 . Compensation for 
V be of Q 3a , and for the quiescent change of voltage across C 8 
caused by varying the release current through Q 3c are applied 
via R 31 to A 7 . 

Amplifier A g and diode D 3 form a precision half-wave rectifier 
whose output is a positive voltage equal to the gain reduction 
signal. This point may also source a gain reduction indicator 
with intrinsic scaling of +1 V = -20dB. Since metering is a matter 
of preference for the design engineer, no attempt has been 
made to include a gain reduction indicator as part of this circuit 
discussion. 

Since it is possible for the inputs of both A 6 and A g to be nega- 
tive voltages, it is wise to include germanium diodes D 1 and D 2 
to prevent forward conduction of the internal base to emitter pro- 
tective diodes in the MAT-04, thus eliminating the possibility of 
reverse leakage coupling between the multipliers. The exis- 
tence of these diodes also prevents application of the MAT-04 
as the charging transdiode Q 3a , since a voltage more negative 
than that across C 8 will frequently be present at the emitter of 

Q 3a- 

Amplifier A 1 3 outputs the algebraic sum of the various gain con- 
trol signals for application to the compressor VCA section which 
will be described next. 

Selection of the internal scale factor at 1 V/decade, and inclu- 
sion of the -7.5V “math rail” are arbitrary choices made by the 
author in order to accommodate the use of the variable integra- 
tor, and to skew the control markings on the front panel controls, 
indicated by the enclosed names associated with those variable 
resistor potentiometers. Placing the rotation point, as deter- 
mined by R 2 , atthe nominal operating line level, e.g.,+4dB, etc., 
minimizes the effects of errors caused by the uncompensated 
temperature coefficient of the ratio multiplier, and any minor 
deviations in log conformity inherent in the detector circuitry or 
VCA sections of the compressor. 
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FIGURE 4: Compressor Control Circuitry Schematic 
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FIGURE 5: VCA, Math Rail Regulator and Line Driver Schematic 


THE VCA SECTION 

Figure 5 shows the VCA section of the compressor using the 
SSM-201 4. The device is configured as an “outboard OVCE” in 
accordance with the literature supplied with the 1C. Amplifiers 
A i 4 ’ A i 5 ’ A i6’ ancl A 17 should be high quality, low noise op amps 
such as the SSM-2134. A 14 and A 15 provide the necessary 
feedback and output buffers for this particular circuit. Resistive 
voltage divider R 45 /R 46 reduces the OVCE control port sensitiv- 
ity to +1V/20dB attenuation to match the scale factor of the 


control circuitry. Variable resistor VR 8 is adjusted for lowest 
distortion products, preferrably at unity gain with a high level 
input. VR g is adjusted by applying a low frequency (<50Hz) signal 
at about 2Vp-p to pin 11, and setting for least low frequency 
output at A 15 under a no-input signal or shorted-input condition. 
The stability of both these trims will be a welcomed surprise to 
the designer used to dealing with log/antilog VCAs. 

A “quasi-balanced” line driver, consisting of A 16 , A 17 , and their 
associated passive components, completes the compressor 
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circuitry. The unit is capable of driving a 600Q load at a sus- 
tained output level of +21 dBm, and has a maximum output of 
+26dBm. 

The SSM-2014 provides the designer a degree of flexibility in 
configuration which is not easily available using other VCA 
topologies. Chief among its attributes is the ability to select the 
operating bias current by applying currentto a single port on the 
chip. This allows the user to select an operating point which is 
optimized for best noise performance vs. distortion for a given 
application. 

In considering the normal operation of the compressor, the most 
common scenario is that the unit is used to "track” instruments 
or vocals. Of secondary, but no less important, concern is use 
for compressing mixed program material to enhance apparent 
loudness. In both applications, the trade-off between the resid- 
ual noise floor and distortion at high-signal levels, both a func- 
tion of operating bias, is somewhat arbitrary. Since it is likely 
that the dynamic distortion inherent in the compression process 
in normal operation would be at least equally as noticeable as 
moderate distortion at high-signal levels, the "intermediate” bias 
setting as described in the literature accompanying the device 
was chosen. This places the device bias at approximately 
300pA, with a value of 43k£2 for R 44 . As a result, the noise floor 
for the VCA circuit is -84dB (ref. 0.775V RMS ) in a 20 kHz band- 
width at OdB gain. The 1 kHzTHD+Noise measurements yielded 
figures consistent with the published data, and SMPTE IMD 
measurements disclosed worst-case distortion products in the 
0.2% range, which is acceptable in all but the most critical ap- 
plications. Should the designer wish to implement the sliding 
bias scheme, as described SSM-201 4 data sheet, the output of 
the absolute value at pin 1 of the SSM-21 1 0 (see Figure 4), or 
the rms computing loop (pin 5) may be used to drive a compara- 
tor with the appropriate time constants in order to switch to class 
A operation in the presence of high level inputs. In practice, this 
makes little difference in the transparency of the compressor in 
normal operation. Listening tests of the compressor demon- 
strated the smooth, precise control expected of the feedforward 
circuit topology. As the attack time (integration time) control is 
advanced from fast to slow settings, the low frequency content 
in mixed material becomes more solid and better defined, but 
the tendency to “squash” the lows is relatively absent at faster 
attack times as compared to other compressors having adjust- 
able attack times with comparable settings. 

The log averaging detector scheme really shines on vocals and 
horns, bringing a soloist "up-front” with moderate attack times. 
This is a noticeable difference when compared to any RMS-type 
compressor used for comparison in the listening tests. 

ADJUSTING FOR BEST PERFORMANCE 

As in any compressor or limiter whose ratio must be trimmed in 
its initial setup (see Figure 4, VR S ), the unit is sensitive to incor- 
rect adjustment. One of the most distressing sounds which can 
be produced by a compressor is “over-compression," in which 
the control circuitry causes too much gain reduction at high 
ratios. For this reason, the compressor ratio trim should be set 
with the Threshold control at OdB (0V at the wiper of VR 4 ), and 
with an input of +20dB, the trim should be adjusted so that with 


the Attack, Release, and Output gain controls centered, the 
maximum Ratio setting, fully clockwise, produces an output 
level equal to or slightly greater than the rotation point. 

When laying out circuitry using the SSM-2014 and SSM-21 10, 
care should be taken to keep traces to virtual grounds as short 
as possible, and a single point audio ground should be used. 
The control ground should connect to the audio ground at one 
point, pin 4 of the SSM-21 10, and supply traces should be 
heavily decoupled with high quality capacitors. Traces carrying 
audio signal should be kept well away from control circuitry, and 
the detector 1C and VCA should be located away from heat 
sources such as regulators or power supply transformers. 

Since all parameter control is derived from DC levels produced 
by the front panel controls, high quality potentiometers need not 
be used. All the front panel control scales may be marked in 
equal intervals, and follow the antilog law, i.e., equal spacing 
per dB of gain or threshold setting, equal spacing per decade of 
attack and release times, etc. The sole exception is the ratio 
control, whose scale is skewed so that 2:1 appears near the 
middle of the control, as one normally would expect of a tradi- 
tional feedback compressor. 

The compressor control circuit described in this application note 
was configured using only four quad op amps in addition to the 
SSM-21 10 and three matched transistor arrays. By providing 
the basic building blocks for an audio dynamic range processor 
in monolithic form, the SSM audio chip set greatly simplifies the 
implementation of an otherwise complex processor. 


MEASURED PERFORMANCE: 


SMPTE IMD @ Unity Gain, OdBv in 

0.009% 

SMPTE IMD @ Unity Gain, +20dBv in 

0.11% 

SMPTE IMD @ 20dB Gain Reduction, OdBv in 

0.06% 

SMPTE IMD @ 20dB Gain Reduction, +20dBv in 0.025% 

Residual Noise and Hum (3) Unity Gain, 20kHz BW -84dBv 

Maximum Output Level into 600f2, Balanced 

+21dBm 

Maximum Input Level Before Clipping 

+21dBv 

Usable Dynamic Range, Unweighted in 20kHz BW 103dB 

Threshold Range Ref. Rotation Point 

-40 to +2 OdB 

Useful Range of Rotation on Point Adj. 

-10 to +4dBv 

Nominal Attack (Integration) Time Range 

0.02 to 200ms 

Nominal Range of Ratio Adjustment 

1.3:1 to 20:1 

Range of Release Time Adjustment 0.05 to 5s/20dB 

Range of Output Gain Adjustment 

-20 to +20dB 


NOTE: OdBv refers to 0.775 V RMS 
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An Ultra Low Noise Preamplifier 

by M. Jachowski 


Achieving the maximum usable dynamic range from low output 
level transducers such as audio microphones, magnetic pick- 
ups, or low impedance strain gauges requires a preamplifier 
with very low input-referred voltage noise. The circuit shown in 
Figure 1 has extremely low noise, 0.5nVA/Hz, and can provide 
a gain of 1000 over a 200kHz bandwidth. 

This amplifier's low noise characteristics are attributable to the 
SSM-2220's matched PNP transistor pair. Operating with 2mA 
collector current in each transistor, the SSM-2220 forms a 
differential input stage with a DC gain of 385, approximately 
50pV of offset voltage, and only O.SnV/v^ of broadband noise. 
When multiplied by the stage gain of 385, the input noise of the 
SSM-2220 appears as 192.5nV/-/Hz differentially at the inputs 
of the OP-27. This makes the Z.QrN/VHz of the op amp an 
insignifi-cant contribution to the overall noise of the circuit. In 
this example, the input stage compensation, C 1 and R 7 , opti- 
mizes noise performance over the audio frequency range by 
allowing the differential pair to have a flat frequency response 
to 20kHz before being rolled-off for stability criteria. Input stage 
gain is reduced 20dB from 20kHz to 200kHz and then remains 
constant until the SSM-2220's gain-bandwidth limit is reached 


at about 8MHz. This compensation ensures the preamplifier's 
stability for gains from 100 to over 2000. Gain is set with 
resistors R 5 and R 6 where A VCL = 1 + R 5 /R 6 - To limit the thermal 
noise contributed by the feedback loop impedance, R 6 should 
be no more than 1 0£2 (a 1 0£2 resistor creates about 0.4nV/\/Hz 
at +25°C). 

The input stage current, 4mA, is established by the current 
source of Q 2 , R 1 , and a GaAsP LED. The LED is used as a 1 .6 V 
"zener" whose temperature coefficient is nearly identical to that 
of Q 2 's base-emitter junction. This produces a temperature 
stable 1 V drop across R 1 forcing 4mA to flow from Q 2 's collector. 
The 4mA splits to 2mA in each side of the differential pair. With 
h fe = 1 50 in the SSM-2220, input bias current will be about 1 3pA. 
Because the bias current is relatively large, the offset voltage 
created as it flows through unbalanced source impedances will 
quickly surpass the differential pair's offset, making necessary 
the offset trim, R g . Low source impedances will reduce the offset 
drift as h fe changes over temperature. 

A low source impedance is also critical to maintain a low overall 
input noise. The 0.5nV/ -/Hz noise of the SSM-2220 input is 
equivalent to the thermal noise of a 15Q resistor at +25°C. 


0.01 p.F 



FIGURE 1: This ultra low noise preamplifier shines new light on high-gain, low noise applications such as microphones , 
thermocouples, strain gauges, and magnetic pick-ups. 


APPLICATION NOTES 11-81 



Therefore, any transducer with a sourcing impedance greater 
than 15£1 will produce a noise which dominates that of the 
preamplifier. Figure 2 shows the total output noise of the 
preamplifier driven through a 10£2 source impedance. The 
analyzer displays total RMS noise voltage measured in a 
0.03Hz bandwidth. The average broadband measurement is 
roughly 0.1 3pV on the vertical scale. Divided by the amplifier's 
closed-loop gain of 1000, this corresponds to 0.13nV at the 
preamp input, or expressed in nV/ Hz, 

e n = °- 13nV = 0.75nV/ \/Hz 

Vo.03Hz 

Taking into account the noise of two 10ft source resistors, the 
noise attributable to the SSM-2220 is then, 

0.75nV/\/fiz = Vte SSM ) 2 + (0.4nV//Hz) 2 + (0.4nV//Hz) 2 

e sSM = °-49nVA/Hi 

The 1/f noise corner frequency is also remarkably low, only 
about 0.25Hz. In the 20kHz audio bandwidth, the total RMS 
input-referred noise voltage contributed by the SSM-2220 
differential pair is, 

e n = (0.5nV/ /Hz) (/20kHz - 20Hz) = 70.5nV RMS 

The thermal noise of a 10£2 source impedance in the same 
bandwidth is, 

e, = 1 .28 x 10’ 1 V(10£i) (20kHz - 20Hz) = 57nV RMS 

The total input referred noise of the preamplifier with 10£2 
source impedances on each input is, 

e t0 , al = -/ (70.5nV) 2 + (57nV) 2 + (57nV) 2 + 106nV RMS 

This is lower than the thermal noise of a single 50Q resistor over 
the same bandwidth, 126nV RMS . 



FIGURE 2: The spectrum analyzer shows that, in a gain of 1000 
with 10Q. source impedances, the SSM-2220 preamplifier has 
less than 0.5nV Vhiz broadband noise and a 1/f noise corner 
of about 0.25Hz. Total harmonic distortion is less than 0.005% 
of a 10 V signal from 20Hz to 20kHz. 
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Voltage Adjustment Applications of the DAC-8800 TrimDAC™ 
An Octal, 8-Bit D/A Converter 

by Joe Buxton 


The DAC-8800, a monolithic octal 8-bit digital-to-analog converter, 
is a digitally-controlled voltage adjustment device. The DAC’s 
design makes it ideal for replacing trimming potentiometers in 
many applications. Not only does it replace potentiometers, but 
the DAC has many advantages over them, such as solid state 
reliability, very low drift over temperature and time, elimination of 
shifts due to vibrations, and automating the adjustment process. 
During manufacture of complex electrical systems, potentio- 
meters must be manually adjusted taking considerable time and 
cost for labor, or expensive robotic systems must be developed 
forthe same purpose. However, the DAC-8800 can automate the 
system’s voltage adjustments so that a computer can now control 
the calibration. 

This application note first describes the basic architecture and 
operating modes of the DAC-8800, including the reference input 
range limits, the load that the DAC places on the references, single 
supply operation, and serial interfacing. The last half of this note 
shows many basic circuits for using the DAC in a wide variety of 
applications, such as two wire interfaces and stand-alone opera- 
tion for systems not based on digital controllers. Also included 


v dd v ref l i v ref h i 



DGND V ss CLR V REF L 2 V REF H 2 


FIGURE 1 : DAC-8800 Block Diagram 


are techniques for adjusting the offset of operational amplifiers; 
using two DAC outputs together for coarse and fine control of a 
voltage; digitally changing the gain of a voltage-controlled 
amplifier; and trimming voltage references. 

BASIC ARCHITECTURE 

As the functional diagram shows in Figure 1, the DAC-8800 has 
eight individual DACs divided into two groups of four, each group 
having its own high and low reference inputs. Each DAC’s output 
is independently controlled by a serial interface through which 
the 8-bit data word and 3-bit address are loaded. 

Each of the DACs contains an R-2R ladder connected between 
the high and low reference inputs as shown in Figure 2. The output 
voltage is set by the position of the switches according to the 
formula below: 

Vout(D) = D x (V REF H - V ref L)/256 + V REF L 
where D is the digital code. 

As this equation shows, the output can vary from V REF Lto V REF H 
in 256 steps. It is significant that, while the output voltage can 
vary over this range, the DAC-8800’s output impedance is always 
equal to a constant Rout> the characteristic resistance of the 
ladder. Rqut is typical ly 12kQ but can vary between 8kQ and 1 6kH 
from device to device. The DAC’s accuracy depends not on the 
absolute value of the ladder resistors but rather on the relative 
resistor matching. Thus, variations in output impedance do not 



FIGURE 2: DAC-8800 R-2R Ladder Network 


TrimDAC is a trademark of Analog Devices, Inc. 
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affect the linearity of the DAG. To easily understand the DAG, each 
output can be thought of as a Thevenin equivalent circuit of a 
voltage source in series with Rout as in Figure 3, where Rout is 
12kQ. The digital code then varies the voltage source between 
VrefL and V REF H. 



Rout 
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L 

TO G 

p 

VrefL 


- 



FIGURE 3: Thevenin equivalent of each DAC output. Rout 
is typically 12kQ. 


REFERENCE INPUT LIMITS 

The switches in the R-2R ladder are N-channel enhancement 
MOSFETswith extremely low ON resistance. To ensure the DAC’s 
linearity, the MOSFET s’ gate-to-source voltage (Vqs) needs to be 
greater than the switches’ intrinsic threshold voltage, which for 
the DAC-8800 is 2.5V. When the voltage falls below 2.5 V the 
MOSFETs’ ON resistance increases, which causes resistance 
mismatching in the R-2R ladder. Any mismatching degrades the 
precise R-2R ratios and thus decreases the linearity of the DAC. 

In the DAC-8800, the gate-to-source voltage is equivalent to the 
voltage difference between Vdd and Vr EF H, respectively. Fig- 
ure 2 shows that Vr EF H is connected to the drain of the MOSFET 
switches, and, when the switches are on, the drain voltage is 
basically equivalent to the source voltage. The gate voltage is 
driven by CMOS logic, and when the switch is on, the logic con- 
nects the gate to Vdd- Thus, Vr EF H must be at least 2.5 V below 
Vdd, as shown in Figures of the DAC-8800’s data sheet. However, 
to guarantee the data sheet error specifications over -55°C to 
+1 25°C, the gate-to-source voltage needs to be at least 4V. There 
is no similar limitation between the reference input and the 
negative supply, Vss- Thus, the reference inputs can go to Vss- 
An important note: because of internal protection diodes in the 
DAC, Vr EF L should not be allowed to go higher than Vr EF H. 
Forward biasing these diodes allows large currents to flow be- 
tween the two references, potentially resulting in permanent 
damage to the DAC-8800. 



FIGURE 4: IrefH variation versus digital code. One of four 
DACs connected to V REF H. The other 3 DACs are loaded 
with zero code. 


REFERENCE INPUT CURRENT CHANGES WITH DIGITAL 
CODE 

As the digital code changes, the resistance looking into the ref- 
erence input changes significantly. Figure 4 shows the current 
demand into the Vr EF H pin as a function of the digital code for 
one of the four DACs referenced from that pin. This graph was 
generated with the following conditions: Vdd = +1 2V, Vss = OV, 
V ref H = +5V, and V REF L = OV. As can be seen, the load on the 
reference varies from zero to 400pA. With all four DACs operat- 
ing, the load current can go up to a maximum of 1 .6mA. It is im- 
portant to keep in mind that the current changes in abrupt steps. 
Thus, in applications where speed is important, any device driving 
the reference pin must be capable of handling these step current 
changes. A fast recovery op amp (such as the OP-42) or refer- 
ence is recommended. 

THE DAC-8800 CANNOT BE USED AS A VARIABLE 
RESISTOR 

At first glance the DAC-8800 might appear to be ideal for use as 
a variable resistor from its output to Vr EF L, where Vr EF L is tied 
to ground and Vr EF H left floating. However, its internal structure 
was not designed for this. The reason is twofold. First, the resis- 
tance from the DAC’s output to Vr EF L does not vary linearly with 
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FIGURE 5: D AC-8800 Bandwidth Under Different Gains 



FIGURE 6: D AC-8800 OFF Isolation 



the digital code. Rather, it changes erratically, similar to the way 
the reference current changes in Figure 4. These seemingly ran- 
dom changes are due to various switches connected to VrefH 
turning on in binary fashion rather than sequentially and creating 
alternate current paths from the output to VrefL. 

Second, the NMOS switches are not bi-directional. In this vari- 
able resistor configuration, the switches connected to VrefH 
would actually have current flowing in reverse direction from the 
source to the drain. They maintain their low ON resistance only 
when current is flowing normally from the VrefH side (the drain) 
towards the output (the source). In backwards operation the 
source voltage causes changes in the ON resistance. Thus, any 
change of the voltage on the DAC’s output will change the ON 
resistance and ultimately change the resistance to ground, even 
atthe samedigital code. Obviously, the DAC-8800 was designed 
to work as a voltage attenuator, and not as a variable resistor. 

AC MULTIPLYING MODE OPERATION 

The DAC-8800 is designed primarily as a DC adjustment device. 
However, it can also be used in multiplying mode by applying an 
AC signal to the reference input. In such applications, bandwidth, 
off-isolation, and crosstalk are important to the circuit’s perfor- 
mance. The bandwidth of the DAC-8800 is limited by the ladder 
resistance and the internal capacitance, which are both specif ied 
in the data sheet. The typical resistance of 1 2kQ, combined with 
the reference capacitance of 75pF, limits the bandwidth to 1 77kHz. 
Figure 5 shows actual network analyzer measurements of the 
-3dB bandwidth, which for this particular part occurs at 360kHz. 
The fact that the measured bandwidth is twice the typical points 
out how the bandwidth can vary due to varying capacitance and 
resistance from device to device. The worst case bandwidth is 
approximately 1 00kHz based on worst case resistor and capacitor 
values of 16kn and lOOpF, respectively. Remember, as men- 
tioned in the reference input limits section, VrefH cannot go 
below VrefL. Any AC signal into VrefH must be biased to avoid 
this condition. 

The off isolation of the DAC-8800, shown in Figure 6, was mea- 
sured using an AC signal for VrefH and measuring an associ- 
ated DAC output with all the bits off. The off isolation reveals how 
much of the input signal will feed through to the output. An inter- 
esting correlation can be made between this graph and the 
bandwidth graph of Figure 5, for the 1/16 scale measurement. 
The 1 /1 6 scale shows a 1 0dB rise in the gain above 1 00kHz. This 
is actually due to the capacitive feedthrough of the DAC-8800. 

The crosstalk versus frequency graph in Figure 7 was measured 
as the crosstalk from one set of four DACs to the other set of 
four DACs in the package. In other words, DACs A through D 
were set to full scale, and a frequency dependent signal was in- 
jected into their VrefH input. The crosstalk was then measured 
on the outputs of DACs E through H. The graph shows DC 
crosstalk of -1 20dB rising up to -50dB at 1 00kHz, revealing ex- 
cellent performance for DC and low frequency AC signals. 


FIGURE 7: DAC-8800 Crosstalk 
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FIGURE 8: D AC-8800 Single +5 V Operation 


OUTPUT NOISE the trim pin excessively. The OP-290’s low offset voltage of 75pV 

The DAC-8800 exhibits basic broadband white noise of typically and low temperature drift characteristics maintain the reference’s 

1 8nV/-/Hz. Its dominant noise source isthe resistor ladder. Thus, accuracy. The OP-290 also has the ability for its output to oper- 

the noise does not exhibit any measurable 1/f noise. ateto ground withthe addition of a load resistor; 10kQ works well. 

SINGLE +5V SUPPLY OPERATION OF THE DAC-8800 "The out P u * amplifier is needed to buffer the DAC-8800’s high 

TheDAC-8800 is idealforsingle supply applications because its out P ut impedance when the output is connected to a low im- 

output range includes ground. In fact, the DAC-8800 can work pedance load. 

weH withasingle+5Vonly. Even with this low of a supply voltage, SERIAL INTERFACING 

V ref H can 1 be connected to a 1 .23 V bandgap reference (Figure The digital control of the DAC-8800js a standard three-wire serial 

8). Although the 1 .23V bandgap reference violates the 4V of interface with clock (CLK), load (LD ), an d serial data input (SDI) 

headroom requirement, the DAC is still within ±1/2 LSB of total (Figure 9). Additionally, an inverted CLK input pin is ava ilable for 

unadjusted error. The 4V below the positive supply limit was set negative edge triggered data loading. Either CLK or CLK can also 

with a safety margin of about 0.5V to account for operation over be used as a chip select pin. When loading data, 3 address bits 

the full operating temperature range. are loaded, MSB first, followed by 8 bits of data, again MSB first. 

The 1 ,23V bandgap reference voltage is derived from the TRIM Thus 1 1 bits in a " are loaded ,hrou 9 h the SDI P in t0 con,ral each 

pin of a precision 2.5V reference device, the REF-43. The buffer DAC ' Th ® DAC-8800 can run on aclock asfast as 6.6MHz making 

amplifier is needed because the TRIM pin’s impedance is 50k£2. 1 P oss '^ e to load all eight DACs in as little as 14 microseconds. 

The DAC-8800’s reference inputs characteristically range from Furthermore, the DAC-8800 maintains TTL compatibility for 

1 2kO to 40kO depending on the digital code, which would load positive power supply voltages greater than or equal to +5V. 



FIGURE 9: DAC-8800 Serial Interfacing 
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FIGURE 10: Isolated Two-Wire Serial Interface for the D AC-8800 


TWO WIRE INTERFACES FOR PROCESS ENVIRONMENTS goes low, it triggers the second one-shot, which produces the 

High voltage isolation using opto-couplers is often necessary for LOAD pulse, and finishes the loading cycle. 

serial interfaces found in process control applications. In these There are some common pitfa||s when using one . shots . For ex . 

and other applications where minimizing the number of data lines ^ the timeout set by the external resistor and capacitor can 

is desirable, two-wire signal interfaces can be used (Figure to). over temperature and )rom part t0 part . Even more signi{i . 

This simplecircuittranslatesthe two-wire interfaceinto the three can , isthe var|at|on due t0 resistor and capacitor tolerances. A 

data lines required to load the DAC-8800. The LOAD signal is typica | capacitor can vary by ±1 0% which wi |, cause an e quiva- 

generated using two retriggerable one-shots. The first one-shot’s lent ±10% variation in the timing of the one - s hot. To avoid the 

timeout should be set longer than the clock period. Each sue- prob | ems 0 , one-shots, a second method using a counter is 

ceedmg clock pulse will retrigger the one-shot until aim bitsare recommended (Figure 11a). The counter keeps track of the 

loaded into the DAC. Then the clock must pause long enough to number o{ c|ock , es anck when a|| the data bas been input t0 

allow the one-shot to time out. When the first one-shot’s output the DAC the externa | | ogic creates thelOAD pulse. 



FIGURE 11a: Isolated Two-Wire Serial Interface Using a Counter 
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Referring to the timing diagram (see Figure 1 1 b), the counter is 
incremented on every rising edge of the clock. Additionally, the 
data is loade d into the DAC-8800 on the falling edge of the clock 
by using the C LK input instead of the CLK input. The rea son for 
using the CLK input becomes apparent after considering the LOAD 
pulse. The timing diagram shows that after the eleventh bit has 
been clocked, the output of the counter is binary 1010. On the 
following rising CLK edge the output of the counter changes to 
binary 1011, upon which NAND gate ‘X’ goes low to generate the 
LOAD pulse. The LO AD sig nal is connected to both the DAC’s 
LD and the counter ’s LOA D pins. Since the counter has a syn- 
chronous clear, the LOAD pulse remains low until the next CLK 
pulse. NAND gates ‘Y’ and ‘Z’ prevent the twelfth falling CLK edge 
(labelled ‘LOAD’ in the timing diagram) from clocking the DAC, 
which would load false data into the DAC. Usi ng the CLK input 
allows s ufficien t time from the CLK edge to the LOAD edge, and 
from the LOAD edge to the next CLK pulse, to satisfy the timing 
requirements for loading the DAC-8800. 

After loading one address of the DAC, the entire process can be 
repeated to load another address. If the loading is complete then 
the C LK must stop after the twelfth pulse of the final load. The 
CLK input will be pulled high and the counter reset to zero. The 
timing requirements of the system are the same as for the DAC 
alone, and can be found in the DAC-8800’s data sheet. Another 
feature of this circuit is the R and C on the CLR pins of both the 
DAC and the counter. This simple RC timing circuit will clear both 
chips upon system power-up. The 74LS1 61 was chosen because, 
like the DAC-8800, it has an asynchronous clear. The RC time 
constant should be set longerthan the power supply turn-on time. 
The values shown in the circuit give atime constant of 1 0ms, which 
should be adequate for most systems. This same two-wire inter- 
face can be used for most three-input serial DACs. 


STAND-ALONE OPERATION PROVIDING NONVOLATILE 
SETTINGS 

Whenever a system with a DAC-8800 is powered on, the DAC- 
8800 needs to have all eight of its data words loaded to set the 
proper DC output voltages. In a system with a microprocessor or 
microcontroller, this is a straightforward operation. However, in 
some systems the DAC-8800 may be the only part with a digital 
interface. In this case, the circuit shown in Figure 12a will auto- 
matically load the DAC on system power-up. The core of the circuit 
is a serial input/output EEPROM device (U2), preprogrammed 
with the appropriate data for the DAC. The counter labelled U 4 
counts through 8 addresses, which are serially shifted into the 
EEPROM by U 3 , a parallel to serial shift register. The EEPROM 
shifts out a 1 6-bit word associated with each addres s. Only 1 1 of 
the 1 6 bits are actually shifted into the DAC before the LOAD pulse 
arrives. 

The second counter, U7, in combination with the flip-flop U 6 , counts 
the loading of the bits into the EEPROM and i nto the DAC-8800. 
When all the bits are loaded the logic sends a LOAD pulse which 
loads the DAC and increments the address on U 4 . The timing 
diagram in Figure 12b gives a detailed description of the loading 
of one address. The CLK INH logic inhibits the shift register dur- 
ing certain CLK pulses because 9 bits need to be loaded into the 
EEPROM and only 8 bits are available in the register. 

When the system is powered-up, Ri and C-| create a PWRUP 
pulse to asynchro nously clear all of the counters and the DAC. 
After the PWRUP pulse goes high, the free running clock begins 
to load all 8 addresses. After the eighth address is loaded, the 
clock is disabled to remove any digital switching noise in the ana- 
log circuitry. 
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FIGURE 12a: Stand-alone operation of the DAC-8800. The EEPROM stores data to set the DAC's output voltages on system 
power-up. 
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DAC-8800 TEST FIXTURE 

Figure 13 shows a fixture to test the DAC-8800. The circuit in- 
cludes switches to set the address and data so that each DAC 
can be loaded with any digital word. After the switches are set, 
pressing the push-button activates the monostable multivibrator 
which generates the clock signal to load the DAC register. The 
counter selects the successive MUX channels, which switch the 
bits in proper loading order. After all eleven bi ts are l oaded, the 
LOA D switch is manually toggled to generate a LOAD pulse. The 
CLR switch should be hig h at all times except to clear all eight 
DACs, in which case CLR needs to be switched low and then back 
to high. The CS switch should always be set low to keep the DAC 
selected at all times. The DAC-8800’s outputs are buffered by 
OP-400 operational amplifiers; however, the outputs can be 
configured many different ways for the actual tests required. 


CONDITIONS TO AVOID IN USING THE DAC-8800 

The DAC-8800 is very resistant to the most common latch-up 
conditions.^ For example, it does not latch-up when the digital 
inputs go high before the DAC is powered up. Nor is the DAC’s 
own power supply sequencing significant. However, a few con- 
ditions still exist that are potentially destructive. In order to pre- 
vent damage from latch-up and ESD, the internal DAC-8800 
design includes large body diodes placed from many of the pins 
to ground or either of the supplies, as shown in Figure 1 4. Looking 
at the placement of the diodes, it is easy to understand what 
conditions need to be avoided. The voltage across these diodes 
should be less than 0.3V, or they will start to turn on. 
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FIGURE 14: Diagram of diodes in the D AC-8800 designed 
for ESD protection and latch-up prevention. 

Even if one of the diodes does turn on the condition is not neces- 
sarily destructive. For example, the diodes from the digital inputs 
to Vqd, and from ground to the inputs, were made large enough 
to handle in excess of 200mA of current without being damaged. 
All the other diodes can handle at least 1 00mA. Thus, if there is 
any chance of any of the diodes forward biasing, the pin should 
be current limited. In the case of the digital inputs, a small series 
resistor can easily prevent more than 200mA from flowing. 

APPLICATION CIRCUIT COLLECTION FOR THE DAC-8800 

The DAC-8800 can be used for a wide variety of DC adjustment 
applications. The main point that needs to be remembered is that 
the DAC-8800 output is basically a voltage source with a ^2kQ 
output impedance. Thus, a high impedance load can be directly 
connected to the DAC’s output, however with a low impedance 
load, the DAC’s output may need to be buffered. 

Figure 1 5 suggests numerous basic trimming operations thatthe 
DAC-8800 can be used for. Setting comparator trip points is a 
prime example of using the DAC-8800 to directly drive a high 
impedance load. The comparator’s trip point can be digitally al- 
tered for different signal conditions. Another example of a high 
impedance load is controlling the gain of a video Voltage Con- 
trolled Amplifier (VCA) by altering the collector current through 
the differential pair. The DAC-8800 adjusts the base voltage of 
the current source transistorthus changing the collector currents. 
This in turn changes the transconductance of the differential pair 
transistors, which directly changes the gain. 

DIGITALLY-CONTROLLED VCA 

The DAC-8800 can also be used in audio systems to control the 
gain of a low distortion audio VCA such as the SSM-201 4 (Figure 
16). The SSM-201 4 has over lOOdB of dynamic range, and its 
gain is logarithmically proportional to the control voltage, Vq. The 
DAC can be connected directly to the control port of the VCA, 
which has again sensitivity of -30mV/dB. A reference rangefrom 


v+ 



FIGURE 1 5: Typical DC Adjustments Using the DAC-8800 

+2.5V to -1 .2 V will give a gain range of -80dB to +40dB, and the 
SS M-201 4 maintains flat gain and phase response to well above 
the audio frequency range of 20kHz for all gains. The circuit has 
a typical control feedthrough of 1 .3mV/V at 1 00Hz. To minimize 
this effect, capacitor C$ is used to slow down the DAC transitions. 
Using 1 .0p.F gives a pole at 1 3Hz, which will filter out most of the 
glitch energy and any high frequency noise. 



FIGURE 16: Digital Gain Control Using a Voltage-Controlled 
Amplifier 
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TRIMMING OP AMP OFFSET VOLTAGE 

A frequently encountered DC adjustment application is trimming 
op amp offsets. There are many straightforward methods for 
trimming; one of which is connecting the DAC-8800 to the op amp’s 
null pins. The DAC-8800 can directly null op amps to the nega- 
tive supply, provided the supply is -12V or less in magnitude 
(Figure 1 7). This limit is because of the maximum 20V limit across 
the DAC. Since the positive supply needs to be at least +5V for 
logic interfacing, the DAC-8800’s negative supply is safe to around 
-1 2V. The references used need to be near the voltage of the op 
amp’s trim pins, which is typically a couple hundred millivolts above 
the negative rail. The figure shows reference values that work 
well for trimming the OP-42 over a ±40mV range. The actual 
voltages can be created using resistor dividers from the negative 
supply to ground and buffering the reference inputs with op amps. 
In cases where the op amp is adjusted from the positive rail, one 
of the alternative methods in the following paragraphs is needed. 
The reason for this is that the DAC-8800’s output would need to 
be able to go up to the positive supply. However, VrefH is limited 
to 4V below the positive supply. Thus, the offset cannot be directly 
adjusted around the positive supply. 



FIGURE 17: Using the DAC-8800 for offset nulling directly 
on the op amp's null pins. 


A simpler method of offset nulling that gets around the supply 
voltage limitation is to connect the DAC-8800’s output in series 
with a resistor to the summing node of the amplifier (Figure 1 8). 
This adds a small current that cancels the op amp’s offset voltage. 
The series resistor should be large to provide a fine adjustment. 
The noise of the DAC and the series resistor might at first appear 
to be a problem, but it is actually attenuated by the IkQ input 
resistor. Therefore, the 1 kL2 noise dominates. For the values in 
Figure 1 8, the adjustment range is ±50mV on the output. Figure 



FIGURE 18: Offset nulling by connecting the DAC-8800 to 
the summing node of an amplifier. 


Rin r f 



ADJUSTMENT RANGE: ± (^)(l* £) ^REF 


FIGURE 19: Offset nulling by connecting the DAC-8800 to 
the non in verting node of an amplifier. 

1 9 shows an alternative method of offset nulling by adjusting the 
voltage at the amplifier’s noninverting input. The resistor divider 
is recommended to provide for fine control of the offset. The ad- 
justment range for the values in Figure 19 is ±42mV. The small 
resistor-to-ground also reduces the DAC’s output noise to a point 
where it is insignificant compared to the op amp’s own noise. With 
R 2 = 10Q, the input noise caused by the DAC reduces to 
1 5pV/-\/Hz; the noise of R 2 is much larger than this. 

In both nulling applications shown, a positive and negative refer- 
ence is required ; however, in certain systems, only one reference 
may be available. Thus, the DAC-8800 can only adjust the offset 
in one direction. If this is the case, the amplifier can be forced to 
offset in either the positive or negative direction by connecting 
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one of the offset pins to the appropriate power supply voltage. 
Then the offset only needs to be adjusted in one direction, which 
the DAC-8800 can easily do with just one reference. Typical op 
amps have Vqs adjustment ranges on the order of ±5m V. Thus, 
the adjustment range of the DAC-8800 needs only to adjust the 
input offset by lOmV. 

If the op amp is forced to offset in only one direction, the tem- 
perature coefficient of Vos (TCVqs) will almost certainly be af- 
fected. For atypical op amp, TCVqs is directly proportional to the 
offset voltage. Thus, if the offset voltage is larger to start with, 
then TCVqs will also be larger. For example, an op amp with a 
simple NPN input stage will exhibit a TCVqs equal to Vosdivided 
by the temperature in degrees Kelvin at which that offset was 
measured. This translates to approximately 3 jtV/°C of TCV 0S 
for every millivolt of Vos- 
TRIMMING VOLTAGE REFERENCES 
Figure 20 shows the DAC-8800 being used to trim a voltage 
reference such as PMPs REF-01 . The output of the DAC is con- 
nected to the TRIM pin of the reference just as the wiper of a 
potentiometer would be connected. This entire circuit can easily 
be used in single supply applications because the DAC-8800’s 
output can go to Vss- Furthermore, this method can be used for 
all of PMI’s references provided there is at least 4V of headroom 
between Vqd and Vquj. The adjustment range of this circuit is 
the same as the ±300mV specified in the REF-01 ’s data sheet. 


VqUT V DD = V IN 



Vqut ADJUSTMENT RANGE: ±300mV 


FIGURE 20: Reference Trimming Using the DAC-8800 

COARSE-FINE CONTROL 

Two of the DAC-8800’s outputs can be connected together, and 
the resulting output isthe average of the two unconnected outputs 
(Figure 21 ). This can easily be seen by thinking of the Thevenin 
equivalent circuit in Figure 3. The two output resistances in the 
same package are well matched so they form an accurate resistive 
divider, which averages the two DAC voltages. Such a circuit could 
be useful for performing a coarse-fine control, where one of the 
references is set to 1/1 0 the other reference. For example, set- 
ting VrefHi to 1.0V, VrefLi to —1.0V, VrefH 2 to lOOmV, and 
VrefL -2 to -lOOmV gives an output adjustment range of ±0.5V 
±0.05V. 



FIGURE 21 : Coarse-Fine Control by Averaging the DAC- 
8800 Outputs 


This application is limited by the voltage difference between the 
references. If VrefI is too much larger than Vref 2, the output 
voltage goes above Vref 2, and the switches in Vref 2 starttoturn 
on independent of the digital code, which causes a significant 
error. It can even cause V RE f2 to increase by forcing current back 
into the reference, causing nonlinearities. The actual threshold 
for the switches turning on varies depending upon the common 
mode voltage of the two references, but the worst case is 1 .5V 
between VrefI and Vref 2. Thus, the above example with VrefHi 
= 1 .0V and VrefH 2 = lOOmV works well, but increasing VrefHi 
above 1 .6V may cause the switches to start turning on. For 
unipolar applications, this problem can be avoided by connect- 
ing both the high references to ground and setting the low refer- 
ences to, for example, -10.0V and -1 .0V. Configured this way, 
the output can never go abovethe high reference, and the switches 
will never turn on independent of digital code. 

An alternative method that avoids the aforementioned problem 
is shown in Figure 22. Using this method, the output voltage can 
never be greater in magnitude than any of the references. To get 
the maximum output voltage, set both V-) and V 2 to VrefH, then 
the equation simplifies as follows: 

Vo = VrefH [ (2Rout + R s ) 1 (2Rout + R s) 1 = VrefH 
Thus, the maximum output voltage is equal to the reference of 
the DACs. Another advantage is that only half as many references 
are needed. One thing to be careful of is that the percentage 
adjustment range of each DAC output will vary with changing 
output resistances from device to device. In Figure 22, with Rout 
= 12kO, R s = 96kO sets the output to be 10% of V-j and 90% of V 2 . 
However, if Roujchangesto 8kQ, then the percentages become 
7% and 93%, respectively. If this is unacceptable, then R$ needs 
to be variablef rom at least 64kQto 1 28kQto coverthe entire output 
resistance range of the DAC. 
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FIGURE 22: Course-fine adjustment using the same FIGURE 23: Voltage summer by connecting the DAC-8800 

reference for both DACs. outputs to the summing node of an amplifier. 


Another method, shown in Figure 23, is current summing. In this 
case, the DAC outputs are connected to the virtual ground of the 
op amp, avoiding the problem of the switches being forced on. 
The feedback resistor should be 12kQ to match the output im- 
pedance of the DAC-8800. As in the above application, the feed- 
back resistor may need to be varied from 8kQ to 1 6kQ depending 
on variations in the DAC-8800’s output resistance. Also remem- 
ber that the op amp inverts the DAC’s reference voltages, so a 
5V high reference gives -5V at the output of the op amp. 

AN ADJUSTABLE REFERENCE FOR ANALOG-TO-DIGITAL 
CONVERTERS 

In an analog-to-digital conversion circuit the DAC-8800 works 
well as a digitally-controlled reference (Figure 24). Using the DAC, 
the reference voltage can be adjusted for different ADC sensi- 
tivities. The DAC-8800 output may need to be buffered by an op 
amp because of the typical ADC’s low reference input impedance. 
For flash converters the typical input impedance is usually well 
below IkQ, which is much too low for the DAC-8800’s output 
impedance of 12kQ. A separate DAC in the same package can 
provide the negative reference as well, but it too has to be buffered 
with an op amp. 

As can be seen by the many different application circuits shown 
in the above section, the DAC-8800 is a very versatile device. Of 
course, the application examples shown here are only a small 
selection of the many different ways the DAC-8800 can be used. 



FIGURE 24: The DAC-8800 as a digitally-controlled variable 
reference for ADCs. The DAC’s output needs to be buffered 
by an op amp. 


References: 

(1) AN-109, Understanding and Preventing Latch-up in CMOS 
DACs , Precision Monolithics Inc., January 1 989. 
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How to Test Basic Operational Amplifier 
Parameters 


THE REAL OP AMP 
Input Imperfections 

The characteristics of op amps are, of course, consider- 
ably more complicated than can be shown in Figure 1 . The 
real op amp has a number of sources of error which must 
be tested independently to determine the true quality of 
the device. The active errors at the input can be modeled 
as a dc current source (l B ) and a series dc voltage source 
(Vqs)- An impedance (Z tN Diff) appears between the in- 
puts, and another (Z| NCM ) appears between the inputs and 
ground. These impedances usually consist of a resistance 
and capacitance in parallel, and the finite Z C m will in- 
troduce errors due to common-mode input voltages. 

There are two additional input error sources. In addition 
to the dc voltage and current sources, small ac sources 
representing the noise components must be included in 
the model. 

Output Obstacles 

The output side of the model is also nonideal. First, an out- 
put impedance, R 0 , is added in series with the voltage 
source. The "A" term (infinite in the ideal model) is both 
finite and a function of frequency in a real amplifier A'(s). 
It is also obvious that the output voltage and current 
capabilities of a real op amp are bounded. 

The real amplifier, thus, can be modeled as shown below. 



OP AMP SPECIFICATIONS 
Offset Voltage 

Each of these nonideal specifications should be examined 
in some detail. Consider first the dc errors. Offset voltage 
is the result of a mismatch in the base-emitter voltages of 
the differential input transistors (or gate-source voltage 
mismatch in FET-input amplifiers). This offset voltage is 
indistinguishable from an input signal as far as the 
amplifier is concerned. Usually this offset can be trimmed 
to zero by the user by means of an external potentiometer, 
which adjusts the balance of the operating currents in the 
input stage until the V BE S (or V G s s) are equal. Of course, 
this trim will be effective only at one temperature, since 
offset voltage changes as a function of temperature. 

Many circuits exist for testing offset voltage. If V 0 s is rede- 
fined as the voltage at the op amp input which will drive 
the output to zero in an open-loop circuit, a servo loop can 
be built around the device under test to determine that 
voltage. In the circuit shown below, a second amplifier is 
used to provide feedback. This feedback amplifier must 
have very high gain and low offset. In operation, the con- 
trol voltage, V c , is set to zero. This forces the output of the 
device under test (D.U.T.) to also go to zero, because no 
dc current can flow through the amplifier's feedback 
capacitor. Since the output of the D.U.T. will only go to 
zero when a voltage equal to its input offset voltage is ap- 
plied to its input, then V A must equal V Q s- Thus, the output 
ofthe feedback amplifier isequalto Vqs x (1 + R F /100(i). 


Figure 2. Op Amp Offset Voltage Test Circuit 

An alternate method for offset voltage measurement can 
also be used. This alternate circuit is simpler to build and 
is only slightly less accurate. If it is assumed that V Q s can 
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be modeled as a source connected in series with one 
input, configuring the amplifier for a fairly high closed- 
loop gain will allow reasonably accurate measurement of 
offset voltage with an inexpensive voltmeter. 

In order to maintain accuracy in this measurement, R iN 
should be low enough that l 0 s flowing through R )N is at 
least ten times lower than the expected value of V Q s- Rc 
causesan equal voltageto be developed at each inputdue 
to l B . This common-mode voltage effect can be neglected 
due to the common mode rejection of the op amp. 
Reasonable values for R iN , R c , and R FB are 100(1, 100(1, 
and 9.9k(l, respectively. 

Another error arises in this circuit due to the finite open 
loop gain of the amplifier. Assuming a test circuit gain of 
100, the amplifier must have a dc open-loop gain of at 
least 10,000 for a 1% accurate V os measurement. 

Rc 



Figure 3. Simple Vos Test Circuit 

Input Bias Current 

Another dc error term is the input bias current. As a conse- 
quence of the practical characteristics of transistors, base 
current must be supplied to the input transistors to bias 
them into their active operating region. This current must 
also return to its originating point through some dc path. 
Thus operational amplifiers cannot be used with input 
signal sources which are not referred to the same power 
source as the amplifier. It is possible to reduce bias cur- 
rent-induced errors by providing a source (other than the 
signal path) which can leakthis current. 

In many applications, the errors due to bias current are ac- 
tually less annoying than the errors caused by the mis- 
match of the bias circuits of the two inputs. This difference 
between the bias currents is called the input offset cur- 
rent, and is usually specified along with the biascurrent. 

Input currents, like input offset voltage, vary as a function 
of temperature. In the case of a bipolar-input amplifier, 
bias current decreases at elevated temperature. This is 
because the transistors' |3 increases, and since the emitter 
current is constant, the base current decreases. In the case 
of a FET-input amplifier, the bias current is due to JFET 
gate leakage, which is in reality a reverse-biased junction 
leakage current. Such currents have the characteristic of 
doubling for every 1 0°C rise in junction temperature. 

It is importantto consider the test conditions underwhich 
bias current is specified, particularly in the case of a FET- 
input op amp. Some manufacturers specify bias current 
at a junction temperature of 25°C. This corresponds 
roughly to the bias current immediately after power is ap- 
plied to the amplifier. Unfortunately most circuits are not 
operated in a pulsed mode, and the effects of component 
self-heating must be considered. This effect is, in many 
cases, not trivial. For example, an amplifier which draws 


5mA of supply current from ± 15V supplies dissipates 
1 50mW. The thermal resistance from junction to ambient 
for an 8-lead 1C package is typically 150°C/W. This means 
that the junction temperature of the amplifier in question 
will be 22.5°C above ambient temperature, and the bias 
current will be over four times as high as a specification 
based on 25°C junction temperature. 


°ja 



Oja = 150°C/W FOR TO-99 TYPE PACKAGES 
= 155°C/W FOR EPOXY MINI-DIP 
= ICHfC/W FOR 14/16 PIN CERAMIC DIP 


Figure 4. Thermal Circuit Model for 1C Op Amp 

Consider an op amp specified for 50pA l B at Tj = 25°C. If 
the amplifier draws 5mA from ± 15V, as in the previous 
example, 

P D = 30V x 5mA - 150mW 
Tj = T a + (150mW x 1 50°C/W) 

= 25°C + 22.5°C 

Therefore, l B will be four times higher than the 
specification. 

Bias current can be measured with essentially the same 
method used to measure offset voltage. The difference is 
that a large resistance is inserted in series with the input 
under test, creating an additional offset voltage equal to 
l B x R s . Assuming the actual V G s has been measured and 
recorded, the change in apparent V Q s due to the change 
in R s can be determined and l B easily computed. Offset 
current is tested by computing the difference between the 
bias current on the inverting input and the bias current on 
the noninverting input. 



Figure 5. Bias/Offset Current Test Circuit 

Open Loop Voltage Gain 

Another op amp parameter which distinguishes a real 
amplifier from an ideal amplifier is open-loop gain. In the 
ideal op amp model, open loop gain is assumed to be infi- 
nite. The same assumption is also sometimes made when 
dealing with real amplifiers. 

Open-loop gain of an operational amplifier is an interest- 
ing parameter to attempt to measure. It is generally not 
practical to measure open loop gain directly by applying 
a signal at the input and observing the output change. 
However, by using the device under test inside a feedback 
loop, it is possible to measure the change in input voltage 
required to produce a known change in output voltage. 
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V c = -10V TO +10V 




Figure 6. Open Loop Gain Test Circuit 


Figure 8. Common-Mode Rejection Test Circuit 


In this circuit, the control voltage, V c , is varied from - 10V 
to + 1 0V, causing the D.U .T. output, V 0 , to vary from + 1 0V 
to - 10V. The D.U.T. output is varied by a change in V iN 
produced by the second amplifier. Since V| N is attenuated 
from E 0 by the R F /100H voltage divider, E 0 is easily mea- 
sured, and open-loop gain can readily be computed. 

Common-Mode Rejection Ratio 

The ideal operational amplifier is a pure differential 
amplifier and is insensitive to the absolute voltage on the 
inputs with respect to ground. The real amplifier has sev- 
eral nonideal characteristics associated with input levels. 
First, of course, is the allowable range of input voltage. 
Most 1C op amps will only operate when the voltage on 
the inputterminal is within the range bounded by the sup- 
ply voltages. The second, and perhaps more subtle, char- 
acteristic is the common-mode rejection ratio (CMRR). 
CMRR is defined as the ratio of the change in common 
mode to the resulting change in input offset voltage. It is 
often convenientto specify this parameter logarithmically 
indB.CMR = 20 log (CMRR). 

Common-mode rejection can be measured several ways. 
One method uses four precision resistors to configure the 
op amp as a subtractor amplifier. The disadvantage inher- 
ent in this circuit is that the ratio match of the resistors 
also determines the subtractor's CMRR. A mismatch of 
0.1% between resistor pairs will result in a CMR of only 
60dB. Since most amplifiers exhibit CMR in excess of 
80dB (some as high as 120dB), it is clear that this circuit 
is only marginally useful. 

R2 



Figure 7. Simple CMR Test Circuit 


A better circuit uses the same technique used for measur- 
ing offset voltage with one exception. Rather than apply- 
ing a fixed zero volt inputtothe D.U.T. operating on ± 15V 
supplies, the same input is applied to the D.U.T. with 
asymmetrical power supplies, such as + 5V and -25 V. 
The output of the amplifier is forced to remain centered 
between the supplies and the input voltage to the D.U.T. 
which forces thisto occur is measured. 


Frequency Response 

Open-loop gain versus frequency is another difficult-to- 
test specification. Bandwidth is usually specified in terms 
of gain-bandwidth product or unity-gain small signal 
bandwidth. It is assumed that the amplifier under test has 
an open-loop gain versus frequency plot which decreases 
with a -20dB/decade slope. It is therefore possible to 
measure the open-loop gain at some known frequency 
and predict the frequency at which the open-loop gain will 
be unity. 

In the circuit shown, the D.U.T. dc output is held to 0 V by 
V c and the integrator amplifier. A low amplitude 10kHz ac 
input signal is applied to the D.U.T. Since the integrator 
has very low gain at 10kHz, the D.U.T. is effectively run- 
ning open-loop for the ac signal. The ac output from the 
D.U.T. can be measured andthe gain at lOkHzcan be com- 
puted. For example, a 741 -type amplifier has an open loop 
gain of approximately 100 at 10kHz. Thus, an easily gener- 
ated lOOmV input at the D.U.T. input will produce an eas- 
ily measured 10V output. This corresponds to a 1MHz 
gain-bandwidth product. 

Vo Vc = ov 



Figure 9. Gain-Bandwidth Product Test Circuit 


In general, slew rate, settling time and noise measure- 
ments are performed on specialized test fixtures and the 
parametric data is observed on an oscilloscope. Slew rate 
can be measured in either the unity gain inverter or unity 
gain follower circuits. Typically it's measured in the unity 
gain follower circuit since this is usually the worst case 
condition due to the amplifier's common-mode swing 
limitation. 




Figure 10. Slew Rate Test Circuit 


The change in V os can be readily translated into CMR. If 
this 10V change in CMV creates a ImV change in V os , the 
CMRR is 10,000 and the CMR is80dB. 
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The amplifier is driven by a high-frequency square wave 
of sufficient magnitude in both directions in order to re- 
move any rounded peaks from the measurement interval 
as these portions are not slew rate limited. The slew rate 
is found as the slope of the transition between the rated 
output extremes. Frequently the positive and negative 
swings will have different slew rates, and both have to be 
monitored. 



Figure 1 1. Slew Rate Test Output Waveform 


Settling time is defined as the time elapsed from the appli- 
cation of a perfect step input to the time when the 
amplifier output has entered and remained within a 
specified error band symmetrical about the final value as 
shown in the following figure. Settling time, therefore, in- 
cludes the time required forthe amplifierto slew from the 
initial value, recover from slew rate limited overload, and 
settle to a given error in the linear range. 



Figure 12. Typical Amplifier Settling Characteristic 


To effectively measure settling time, the test fixture 
should be constructed with relatively low impedance 
levels, minimum stray capacitance and no load capaci- 
tance. A full scale step input is used to determine settling 
time and the step is usually unipolar. The settling time in- 
dicated is generally the longest time resulting from a step 
of either polarity and is given as a percentage of the full 
scale step transition. 

SCOPE PROBE, 20pF OR LESS scopE VERT1CAL 
1MV/DIV 

Terror ■ ^, - v °- UT 


SCOPE VERTICAL 
INPUT REFERENCE 

Figure 13. Settling Time Test Circuit 

Low frequency noise is difficult to measure, since very 
long observation intervals are needed. In some cases, low 
frequency noise is measured by direct observation on a 
storage-type oscilloscope screen using very slow sweep 
periods. 


4.99k * 4.99k 
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An I.C. Amplifier Users' Guide 
To Decoupling, Grounding, 
and Making Things 
Go Right For a Change 

by Paul Brokaw 


"There once was a breathy baboon 
Who always breathed down a bassoon, 

For he said "It appears 
that in billions of years 
I shall certainly hit on a tune" 

(Sir Arthur Eddington) 

This quotation seemed a proper note with which to begin 
on a subject which has made monkeys of most of us at one 
time or another. The struggle to find a suitable configura- 
tion for system power, ground, and signal returns too fre- 
quently degenerates into a frustrating glitch hunt. While a 
strictly experimental approach can be used to solve simple 
problems, a little forethought can often prevent serious 
problems and provide a plan of attack if some judicious 
tinkering is later required. 

The subject is so fragmented that a completely general 
treatment is too difficult for me to tackle. Therefore, I'd 
like to state one general principle and then look a bit more 
narrowly at the subject of decoupling and grounding as it 
relates to integrated circuit amplifiers. 

. . . Principle: Think— where the currents will flow. 

I suppose this seems pretty obvious, but all of us tend to 
think of the currents we're interested in as flowing "out" of 
some place and "through" some other place but often ne- 
glect to worry how the current will find its way back to its 
source. One tends to act as if all "ground" or "supply volt- 
age" points are equivalent and neglect (for as long as possi- 
ble) the fact that they are parts of a network of conductors 
through which currents flow and develop finite voltages. 

In order to do some advance planning it's important to 
consider where the currents originate and to where they 
will return and to determine the effects of the resulting 
voltage drops. This in turn requires some minimum amount 
of understanding of what goes on inside the circuits being 
decoupled and grounded. This information may be lacking 
or difficult to interpret when integrated circuits are part of 
the design. 

Operational amplifiers are one of the most widely used lin- 
ear I.C.'s, and fortunately most of them fall into a few 
classes, so far as the problems of power and grounding are 


concerned. Although the configuration of a system may 
pose formidable problems of decoupling and signal returns, 
some basic methods to handle many of these problems can 
be developed from a look at op-amps. 

OP AMPS HAVE FOUR TERMINALS 

A casual look through almost any operational amplifier text 
might leave the reader with the impression that an ideal 
op-amp has three terminals: a pair of differential inputs and 
an output as shown in Figure 1. A quick review of funda- 
mentals, however, shows that this can't be the case. If the 
amplifier has an output voltage it must be measured with 
respect to some point ... a point to which the amplifier has 
a reference. Since the ideal op-amp has infinite common 
mode rejection, the inputs are ruled out as that reference so 
that there must be a fourth amplifier terminal. Another 
way of looking at it is that if the amplifier is to supply out- 
put current to a load, that current must get into the ampli- 
fier somewhere. Ideally, no input current flows, so again 
the conclusion is that a fourth terminal is required. 



Figure 1. Conventional "Three Terminal" Op Amp 

A common practice is to say, or indicate in a diagram, that 
this fourth terminal is "ground." Well, without getting into 
a discussion of what "ground" may be we can observe that 
most integrated circuit op-amps (and a lot of the modular 
ones as well) don't have a "ground" terminal. With these 
circuits the fourth terminal is one or both of the power 
supply terminals. There's a temptation here to lump to- 
gether both supply voltages with the ubiquitous ground. 
And, to the extent that the supply lines really do present a 
low impedance at all frequencies within the amplifier band- 
width, this is probably reasonable. When the impedance 
requirement isn't satisfied, however, the door is left open to 
a variety of problems including noise, poor transient 
response, and oscillation. 
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DIFFERENTIAL TO SINGLE-ENDED CONVERSION: 
One fundamental requirement of a simple op-amp is that an 
applied signal which is fully differential at the input must 
be converted to a single-ended output. Single ended, that is, 
with respect to the often neglected fourth terminal. To see 
how this can lead to difficulties, take a look at Figure 2. 



Figure 2. Simplified '‘Real" Op Amp 


The signal flow illustrated by Figure 2 is used in several 
popular integrated circuit families. Details vary, but, the 
basic signal path is the same as the 101, 741, 748, 777, 
4136, 503, 515, and other integrated circuit amplifiers. The 
circuit first transforms a differential input voltage into a 
differential current. This input stage function is represented 
by PNP transistors in Figure 2. The current is then con- 
verted from differential to single-ended form by a current 
mirror which is connected to the negative supply rail. The 
output from the current mirror drives a voltage amplifier 
and power output stage which is connected as an integrator. 
The integrator controls the open-loop frequency response, 
and its capacitor may be added externally, as in the 101, or 
may be self-contained, as in the 741. Most descriptions of 
this simplified model don't emphasize that the integrator 
has, of course, a differential input. It's biased positive by a 
couple of base emitter voltages, but, the non-inverting 
integrator input is referred to the negative supply. 

It should be apparent that most of the voltage difference 
between the amplifier output and the negative supply 
appears across the compensation capacitor. If the negative 
supply voltage is changed abruptly the integrator amplifier 
will force the output to follow the change. When the entire 
amplifier is in a closed loop configuration the resulting 
error signal at its input will tend to restore the output, but, 
the recovery will be limited by the slew rate of the ampli- 
fier. As a result, an amplifier of this type may have out- 
standing low frequency power supply rejection, but, the 
negative supply rejection is fundamentally limited at high 
frequencies. Since it is the feedback signal to the input that 
causes the output to be restored, the negative supply rejec- 
tion will approach zero for signals at frequencies above the 
dosed loop bandwidth. This means that high-speed, high- 
level circuits can "talk to" low-level circuits through the 
common impedance of the negative supply line. 

Note that the problem with these amplifiers is associated 
with the negative supply terminal. Positive supply rejection 
may also deteriorate with increasing frequency, but, the 
effect is less severe. Typically, small transients on the posi- 


tive supply have only a minor effect on the signal output. 
The difference between these sensitivities can result in an 
apparent asymmetry in the amplifier transient response. If 
the amplifier is driven to produce a positive voltage swing 
across its rated load it will draw a current pulse from the 
positive supply. The pulse may result in a supply voltage 
transient, but, the positive supply rejection will minimize 
the effect on the amplifier output signal. In the opposite 
case, a negative output signal will extract a current from the 
negative supply. If this pulse results in a "glitch" on the 
bus, the poor negative supply rejection will result in a 
similar "glitch" at the amplifier output. While a positive 
pulse test may give the amplifier transient response, a nega- 
tive pulse test may actually give you a pretty good look at 
your negative supply line transient response, instead of the 
amplifier response! 

Remember that the impulse response of the power supply 
itself is not what is likely to appear at the amplifier. Thirty 
or forty centimeters of wire can act like a high Q inductor 
to add a high-frequency component to the normally over- 
damped supply response. A decoupling capacitor near the 
amplifier won't always cure the problem either, since the 
supply must be decoupled to somewhere. If the decoupled 
current flows through a long path, it can still produce an 
• undesirable glitch. 

Figure 3 illustrates three possible configurations for nega- 
tive supply decoupling. In 3a the dotted line shows the 
negative signal current path through the decoupling and 
along the ground line. If the load "ground" and decoupled 
"ground" actually join at the power supply the "glitch" on 
the ground lines is similar to the "glitch" on the negative 
supply bus. Depending upon how the feedback and signal 
sources are "grounded" the effective disturbance caused by 
the decoupling capacitor may be larger than the disturbance 
which it was intended to prevent. Figure 3b shows how the 
decoupling capacitor can be used to minimize disturbance 
of V— and ground busses. The high-frequency component 
of the load current is confined to a loop which doesn't 
include any part of the ground path. If the capacitor is of 
sufficient size and quality, it will minimize the glitch on the 
negative supply without disturbing input or output signal 
paths. When the load situation is more complex, as in 3c, a 
little more thought is required. If the amplifier is driving a 
load that goes to a virtual ground, the actual load current 
does not return to ground. Rather, it must be supplied by 
the amplifier creating the virtual ground as shown in the 
figure. In this case, decoupling the negative supply of the 
first amplifier to the positive supply of the second amplifier 
closes the fast signal current loop without disturbing 
ground or signal paths. Of course, it's still important 'to 
provide a low impedance path from "ground" to V— for 
the second amplifier to avoid disturbing the input 
reference. 

The key to understanding decoupling circuits is to note 
where the actual load and signal currents will flow. The key 
to optimizing the circuit is to bypass these currents around 
ground and other signal paths. Note, that as in figure 3a, 
"single point grounding" may be an oversimplified solution 
to a complex problem. 
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Figure 3a. Decoupling for Negative Supply Ineffective 



Figure 3b. Decoupling Negative Supply Optimized for 
"Grounded” Load 



Figure 3c. Decoupling Negative Supply Optimized for 
"Virtual Ground " Load 


Figure 3b and 3c have been simplified for illustrative pur- 
poses. When an entire circuit is considered conflicts fre- 
quently arise. For example, several amplifiers may be 
powered from the same supply, and an individual decou- 
pling capacitor is required for each. In a gross sense the 
decoupling capacitors are all paralleled, in fact, however, 
the inductance of the interconnecting power and ground 
lines convert this harmless-looking arrangement into a com- 
plex L-C network that often rings like the "Avon Lady". In 
circuits handling fast signal wavefronts, decoupling net- 
works paralleled by more than a few centimeters of wire 
generally mean trouble. Figure 4 shows how small resistors 
can be added to lower the Q of the undesired resonant 
circuits. The resistors can generally be tolerated since they 
convert a bad high-frequency jingle to a small damped sig- 
nal at the op amp supply terminal. The residual has larger 
low frequency components, but, these can be handled by 
the op-amp supply rejection. 



Figure 4. Damping Parallel Decoupling Resonances 

FREQUENCY STABILITY 

There's a temptation to forget about decoupling the nega- 
tive supply when the system is intended to handle only 
low-frequency signals. Granted that decoupling may not be 
required to handle low-frequency signals, but it may still be 
required for frequency stability of the op-amps. 

Figure 5 is a more-detailed version of Figure 2 showing the 
output stage of the I.C. separated from the integrator (since 
this is the usual arrangement) and showing the negative 
power supply and wiring impedance lumped together as a 
single constant. The amplifier is connected as a unity gain 
follower. This makes a closed-loop path from the amplifier 
output through the differential input to the integrator in- 
put. There is a second feedback path from the collector of 
the output PNP transistor back to the other integrator in- 
put. The net input to the integrator is the difference of the 
signals through these two paths. At low frequencies this is a 
net, negative feedback. The high-frequency feedback de- 
pends upon both the load reactance and the reactance of 
the V— supply. 



Figure 5. Instability Can Result from Neglecting 
Decoupling 


When the supply lead reactance is inductive, it tends to 
destabilize the integrator. This situation is aggravated by a 
capacitive load on the amplifier. Although it's difficult to 
predict under exactly what circumstances the circuit will 
become unstable, it's generally wise to decouple the nega- 
tive supply if there is any substantial lead inductance in the 
V- lead or in the common return to the load and amplifier 
input signal source. If the decoupling is to be effective, of 
course, it must be with respect to the actual signal returns, 
rather than to some vague "ground" connection. 

POSITIVE SUPPLY DECOUPLING 

Up to this point we haven't considered decoupling the posi- 
tive supply line, and with amplifiers typified by Figures 2 
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and 5 there may be no need to. On the other hand, there 
are a number of integrated circuit amplifiers which refer the 
compensating integrator to the positive supply. Among 
these are the 108, 504, and 510 families. When these cir- 
cuits are used, it's the positive supply which requires most 
attention. The considerations and techniques described for 
the class of circuits shown in Figure 2 apply equally to this 
second class, but, should be applied to the positive supply 
rather than the negative. 

FEED-FORWARD 

A technique which is most frequently used to improve 
bandwidth is called feed-forward. Generally, feed-forward is 
used to bypass an amplifier or level translator stage which 
has poor high frequency response. Figure 6 illustrates how 
this may be done. Each of the amplifiers shown is really a 
subcircuit, usually a single stage, in the overall amplifier. In 
the illustration, the input stage converts the differential in- 
put to a single-ended signal. The signal drives an intermedi- 
ate stage (which in practice often includes level translator 
circuitry) which has low-frequency gain, but, limited band- 
width. The output of this stage drives an integrator-ampli- 
fier and output stage. The overall compensation capacitor 
feeds back to the input of the second stage and includes it 
in the integrator loop. The compromises necessary to ob- 
tain gain and level translation in the intermediate stage 
often limit its bandwidth and slow down the available inte- 
grator response. A feed-forward capacitor permits high- 
frequency signals to bypass this stage. As a result, the over- 
all amplifier combines the low-frequency gain available 
from 3 stages with the improved frequency response avail- 
able from a 2-stage amplifier. The feed-forward capacitor 
also feeds back to the non-inverting input of the intermedi- 
ate stage. Note that the second stage is not an integrator, as 
it may appear at first glance, but actually has a positive 
feedback connection. Fed-forward amplifiers must be care- 
fully designed to avoid internal oscillations resulting from 
this connection. Improper decoupling can upset this plan 
and permit this loop to oscillate. 


COMPENSATING 

CAPACITOR 



Figure 6. Fast Fed-Forward Amplifier 

Note that the internal input stages are shown as being 
referred to separated reference points, Ideally, these will 
be the same reference so far as signals are concerned, 
although they may differ in bias level. In practice this 
may not be the case. Examples of fed-forward amplifiers 
are the AD518 and the AD707. In these amplifiers, signal 
Reference 1 is the positive supply, while signal Refer- 
ence 2 is the negative supply. Signals appearing be- 


tween the positive and negative supply terminals are 
effectively inserted inside the integrator loop! 

Obviously, while feed-forward is a valuable tool for the 
high-speed amplifier designer, it poses special problems in 
application. A thoughtful approach to decoupling is re- 
quired to maximize bandwidth and minimize noise, error, 
and the likelihood of oscillation. 

Some fed-forward amplifiers have other arrangements, 
which include the "ground" terminal in inverting only am- 
plifiers. Almost without exception, however, signals be- 
tween some combination of the supply terminals get "in- 
side" the amplifier. It is vital to proper operation that the 
involved supply terminals present a common low imped- 
ance at high frequencies. Many high-speed modular ampli- 
fiers include appropriate capacitive decoupling within the 
amplifier, but, with I.C. op amps this is impossible. The 
user must take care to provide a cleanly decoupled supply 
for fed-forward amplifiers. Figure 7 shows a decoupling 
method which may be applied to the AD518 as well as to 
other fast fed-forward amplifiers such as the 118. One ca- 
pacitor is used to provide a low-impedance path between 
the supply terminals at high frequencies. The resistor in the 
V+ lead insures that noise on the supply lines will be re- 
jected and prevents the establishment of resonances with 
other decoupling circuits. The second capacitor decouples 
the low side of the integrator to the load. 



Figure 7. Decoupling for a Fed-Forward Amplifier 

Alternatives include a resistor in both supply leads and/or 
decoupling from V+ to the load. In principle, the positive 
and negative supply should be tied in a "tight knot" with 
the signal return. To the extent that this cannot be done, 
there is a slight advantage to favoring the negative supply 
due to the high frequency limitations of PNP transistors 
used in junction-isolated I.C.'s. 

OTHER COMPENSATION 

While most integrated circuit amplifiers use one of the three 
compensation schemes already described, a significant frac- 
tion use some other plan. The 725 type amplifiers combine 
a V— referred integrator with a network which the manu- 
facturers recommend to be connected from signal ground 
to the integrator input. This makes the circuit extremely 
liable to pick up noise between V— and ground. In many 
circumstances it may be wiser to connect the external com- 
pensation to the negative supply, rather than to signal 
ground. 

One more class of amplifiers is typified by the Analog De- 
vices AD507 and AD509. In these circuits, a single capaci- 
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tor may be used to induce a dominant pole of response 
without resorting to an integrator connection. The high- 
frequency response of the amplifier will appear with respect 
to the "ground" end of the compensation capacitor. In 
these amplifiers a small internal capacitance is connected 
between V+ and the compensation point. Unity gain com- 
pensation can be added in parallel and the pin-out is ar- 
ranged to make this simple. The free end of the compensa- 
tion capacitor can also be connected either to V— or signal 
common. It is extremely important that the signal common 
and the compensation connect directly or through a low- 
impedance decoupling. 

Although the main signal path of these amplifiers can be 
compensated in a variety of ways, some care is required to 
insure the stability of internal structures. It's always wise to 
use extra care in decoupling wideband amplifiers to avoid 
problems with the output stage and other subcircuits which 
are similar to the main integrator problem illustrated by 
Figure 5. An effective compensation and decoupling circuit 
for the AD509 is shown in Figure 8. This arrangement is 
similar to Figure 7, and one of these two circuits is likely to 
be suitable for many types of wideband amplifier. Depend- 
ing upon the power distribution, a small (10f2 to 50£2) 
resistor may be appropriate in both of the supply leads to 
reduce power lead resonance and interference both to and 
from circuits sharing the power supply. 


v+ 



V- 


Figure 8. Decoupling a Wideband Amplifier 

GROUNDING ERRORS 

Ground in most electronic equipment is not an actual con- 
nection to earth ground, but a common connection to 
which signals and power are referred. It is frequently imma- 
terial to the function of the equipment whether or not the 
point actually connects to earth ground. I myself prefer 
some distinguishing name or names for these common 
points to emphasize that they must be made common. The 
term "ground" too often seems to be associated with a sort 
of cure-all concept, like snake oil, money or motherhood. If 
you're one of those who regards ground with the same sort 
of irrational reverence that you hold for your mother, re- 
member that while you can always trust your mother, you 
should never trust your "ground." Examine and think 
about it. 

It's important to have a look at the currents which flow in 
the ground circuit. Allowing these currents to share a path 
with a low-level signal may result in trouble. Figure 9 illus- 
trates how careless grounding can degrade the performance 
of a simple amplifier. The amplifier drives a load which is 


represented by the load resistor. The load current comes 
from the power supply and is controlled by the amplifier as 
it amplifies the input signal. This current must return to the 
supply by some path; suppose that points A and B are 
alternative power supply "ground" connections. Assuming 
that the figure represents the proper topology or ordering 
of connections along the "ground" bus, connecting the sup- 
ply at A will cause the load current to share a segment of 
wire with the input signal connection. Fifteen centimeters 
of number 22 wire in this path will present about 8 mil- 
liohms of resistance to the load current. With a 2k load, a 
10-volt output signal will result in about 40 microvolts be- 
tween the points marked "AV." This signal acts in series 
with the non-inverting input and can result in significant 
errors. For example, the typical gain of an AD510 amplifier 
is 8 million so that only 1%juV of input signal is required 
to produce a 10 volt output. The 40 pM ground error signal 
will result in a 32 times increase in the circuit gain error! 
This degradation could easily be the most serious error in a 
high-gain precision application. Moreover, the error repre- 
sents positive feedback so that the circuit will latch up or 
oscillate for large closed-loop gains with Rf/Rj greater than 
about 250k. 


Rf 



Figure 9. Proper Choice of Power Connections Minimizes 
Problems 

Reconnecting the power supply to point B will correct the 
problem by eliminating the common impedance feedback 
connection. In a real system, the problem may be more 
complex. The input signal source, which is represented as 
floating in Figure 9, may also produce a current which must 
return to the power supply. With the supply at point B, any 
current which flows in additional loads (other than Rj) may 
interfere with the operation of the amplifier shown. Figure 
10 illustrates how amplifiers can be cascaded and still drive 
auxiliary loads without common impedance coupling. The 



POWER COMMON 


Figure 10. Minimizing Common Impedance Coupling 

output currents flow through the auxiliary loads and back 
to the power supply through power common. The currents 
in the input and feedback resistors are supplied from 
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the power supply by way of the amplifiers as previously 
illustrated in Figure 3c. The only current flowing in signal 
common is the amplifier's input current, and its effect 
is generally negligibly small. 

Having given an example of a simple "grounding error" and 
its solution, I will now get back on my soap box and say 
that grounding errors result from neglect based on the as- 
sumption that a ground, is a ground, is a ground. Some 
impedance will be present in any interconnection path, and 
its effect should be considered in the overall design of a 
system. Quantitative approaches are quite useful in special- 
ized applications.' In fast TTL and ECL logic circuitry the 
characteristic impedance of interconnections is controlled 
so that proper terminations can reduce problems. In RF 
circuitry the unavoidable impedances are taken into ac- 
count and incorporated into the design of the circuit. With 
op-amp circuitry, however, impedance levels do not lend 
themselves to transmission line theory, and the power and 
ground impedances are difficult to control or analyze. The 
most expedient procedure, short of difficult and restrictive 
quantitative analysis, seems to be to arrange the unavoid- 
able impedances so as to minimize their effects and arrange 
the circuitry to overcome the effects. Figures 9 and 10 
illustrate the sort of simple considerations which can sub- 
stantially reduce practical ground problems. Figure 11 illus- 
trates how circuitry can be used to reduce the effect of 
ground problems which can't be corrected by topological 
tricks. 


Rj R f 



Figure 1 1. Subtractor Amplifier Rejects Common Mode 
Noise 

GETTING AROUND THE PROBLEM 

In Figure 11a subtractor circuit is used to amplify a normal 
mode input signal and reject a ground noise signal which is 
common to both sides of the input signal. This scheme uses 
the common-mode rejection of the amplifier to reduce the 
noise component while amplifying the desired signal. An 
important aspect of this arrangement, which is often over- 
looked, is that the amplifier should be powered with re- 
spect to the output signal common. If its power pins are 
exposed to the high-frequency noise of the input common, 
the compensation capacitor will direct the noise right to the 
output and defeat the purpose of the subtractor. It's just 
this kind of effect which makes it important to use care in 
grounding and decoupling. A subtractor or dynamic bridge, 
like Figure 11, will be ineffective in correcting a grounding 
problem if the amplifier itself is carelessly decoupled. In 
general, an op-amp should be decoupled to the point which 
is the reference for measuring or using its output signal. In 
"single-ended" systems it should also be decoupled to the 


input signal return as well. When it is impossible to satisfy 
both these requirements at once, there's a high probability 
of either a noise or oscillation problem or both. Frequently 
the difficulty can be resolved with a subtractor, like Figure 
11, where a network like the single-ended feedback net- 
work (which needn't be all resistive) joins the input and 
output signal reference points and provides a "clean" ref- 
erence point for the non-inverting input of the amplifier. 

A problem with the subtractor is that it uses a balanced 
bridge to reject the common mode signal between the input 
and output reference points. The arms of the network must 
be carefully balanced, since to the extent they don't match, 
the unwanted signal will be amplified. Although even a 
poorly matched network will probably eliminate oscillation 
problems, noise rejection will suffer in direct proportion to 
any mismatches. An easier way to reject large "ground 
noise" signals is to use a true instrumentation amplifier. 

INSTRUMENTATION AMPLIFIERS 

A true instrumentation amplifier has a very visible "fourth 
terminal." The output signal is developed with respect to a 
well defined reference point which is usually a "free" ter- 
minal that may be tied to the output signal common. The 
instrumentation amplifier also differs from an op amp in 
that the gain is fixed and well defined, but there is no 
feedback network coupling input and output circuits. Fig- 
ure 12 shows how an instrumentation amplifier can be used 
to translate a signal from one "ground reference" to an- 
other. The normal mode input signal is developed with re- 
spect to one reference point which may be common to its 
generating circuits. The signal is to be used by a system 
which has an interfering signal between its own common 
and the signal source. The instrumentation amplifier has a 
high impedance differential input to which the desired sig- 
nal is applied. Its high common mode rejection eliminates 
the unwanted signal and translates the desired signal to the 
output reference point. Unlike the dynamic bridge circuit, 
the gain and common mode rejection don't depend on a 
network connecting the input and output circuits. The gain 
is set, in Figure 12, by the ratio of a pair of resistors which 
are connected inside the amplifier. The amplifier has a very 
high input impedance, so that gain and common mode re- 
jection are not greatly affected by variations or unbalance 
in source impedance. 


R s 



SIGNAL 

Figure 12. Applying an In-Amp 

Since instrumentation amplifiers have a reference or 
"ground” terminal, they have the potential to be free of the 
power supply sensitivities of op amps. In practice, however, 
most instrumentation amplifiers have internal frequency 
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compensation which is referred to the power supply. In the 
case of the AD521, the compensation integrator is referred 
to the negative supply terminal. The decoupling of this ter- 
minal is particularly important, and it should be decoupled 
with respect to the output reference terminal, or actually to 
the point to which this terminal refers. The AD520 instru- 
mentation amplifier, on the other hand, has an internal 
integrator which is referred to the positive supply terminal. 
For best results both the V+ and V— terminals should be 
decoupled to the output reference point. 

THE "OTHER" INPUT 

Most I.C. op-amps and in-amps include offset voltage 
nulling terminals. These terminals generally have a small 
voltage on them and by loading the terminals with a poten- 
tiometer the amplifier offset voltage can be adjusted. While 
their impedance level is much lower than the normal input, 
the null terminals can act as another differential input to 
the amplifier. Although the null terminals aren't generally 
looked at as inputs, most amplifiers are quite sensitive to 
signals applied here. For example, in 741 family amplifiers 
the output voltage gain from the null terminals is greater 
than the gain from the normal input! 

An illustration of the type of problems that can arise with 
the "other" input is shown in Figure 13. The figure is an 
op-amp circuit with some of the offset null detail shown. 



Figure 13. Details of V 0 s Nulling - the "Other” Input 

As it's drawn, the Vqs null P ot wiper connects to a point 
along a V— "clothesline" which carries both the returh cur- 
rent from the amplifier and currents from other circuits 
back to the power supply. These currents will develop a 
small voltage, A V, along the conductor between the ampli- 
fier V— terminal and the null pot wiper. If the null pot is 
set on center, the equal halves will form a balanced bridge 
with the resistors inside the amplifier. The effect of the 
voltage generated along the wire is balanced at the Vqs 
terminals and will have little effect on the amplifier output. 
On the other hand, if the null pot is unbalanced, to correct 
an amplifier offset, the bridge will no longer balance. In this 


case voltages developed along the "clothesline" will result 
in a difference voltage at the Vqs terminals. For instance, 
suppose that a 10k null pot balances out the op amp offset 
when it is set with 3k and 7k branches as shown in the 
figure. In a 741 the internal resistors are about Ik so that 
the difference signal at the Vqs terminals will be about 1/8 
AV. The gain from these terminals is about twice the gain 
from the normal input, so that the disturbance acts as if it 
were an input signal of about 1/4 AV. Using the same as- 
sumptions as in the discussion of Figure 9. the current Iq- 
will result in a 10 microvolt input error signal. In this case, 
however, the error will appear only when the amplifier load 
current comes from the negative supply. When the load is 
driven positive the error will disappear. As a result, the Vqs 
input signal will result in distortion rather than a simple 
gain error! 

An additional problem is created by If, a current returning 
to the power supply from other circuits. The current from 
other circuits is not generally related to the op amp signal, 
and the voltage developed by it will manifest itself as noise. 
This signal at the null terminals can easily be the dominant 
noise in the system. A few milliamps of V— current through 
a few centimeters of wire can result in interference which is 
orders of magnitude larger than the inherent input noise of 
the amplifier. The remedy is to make the connection from 
the null pot wiper direct to the V— pin of the amplifier, as 
shown in Figure 14. Some amplifiers such as the AD504 and 
AD510 refer to the null offset terminals to V+. Obviously, 
the pot wiper should go to the V+ terminal of this type of 
amplifier. It's important to connect the line directly to the 
op amp terminal so as to minimize the common impedance 
shared by the op amp current and the null pot connection. 



Figure 14. Connecting the Null Pot for Trouble Free 
Operation 

The considerations for op-amp null pots also apply to the 
similar trimmers on almost all types of integrated circuits. 
For example, the AD521 In-Amp null terminals exhibit a 
gain of about 30 to the output. Although this is much less 
than in the case of most op-amps, it still warrants care in 
controlling the null pot wiper return. Table I lists the inte- 
grated circuits manufactured by Analog Devices, including 
some popular second-source families, and indicates how in- 
ternal conversions from differential to single ended are re- 
ferred. That is, the signals are made to appear with respect 
to the terminal(s) listed. 
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Internal Integrator 



Referred to: 

Comment 

AD OP 07/ 
27/37 

< 

+ 

< 

i 

Internal Feedforward Cap V+ to V- 
and Integrator V- to Output 

AD380 

V+ 


AD390 

V- 

Output and Reference Amplifier 

AD394/AD395 

V- 

Output Amplifiers 

AD396 

V- 

Output Amplifiers 

AD507 

- 

External Cap to Signal Common or V- 

AD508 

- 

External Cap to Signal Common of V^ 

AD510 

V t*- 


AD517 

V- 


AD518 

V~, V- 

Internal Feedforward Cap V* to V- 
and Integrator V- to Output 

AD521 

V- 

Output Amplifier Integrator 

AD524 

V- 

Output Amplifier Integrator 

AD526 

V- 

Output Amplifier Integrator 

AD532/AD533 

v~ 

Multiplier Output Amplifier Integrator 

AD534/AD535 

V- 

Output Amplifier 

AD536A 

V-, v~ 
Common 

External Integrator to V-, Internal 
Feedforward V- to Common 

AD538 

V- 

Internal Amplifiers 

AD542/AD642 

V- 


AD544/AD644 

V- 


AD545A 

V - 


AD546 

V- 


AD547/AD647 

V- 


AD548/AD648 

V- 


AD549 

V- 


AD557/AD558 

Common 

Output Amplifier and DAC Control 

Loop Integrator Referred to Common 

AD561 

V-, 

Common 

DAC Control Loop Integrator and 

Ref. Amp Referred to Common and 

Ref. Bias Amplifier Referred to V- 

AD565A/ 

AD566A 

V- 

DAC Control Loop Integrator Referred 
to V-. Reference Input Common 
to Control Loop Isolated from DAC 
Output Common 

AD568 

V- 

Reference Amplifier 

AD580 

V- 

Output Amplifier 

AD581 

V- 

Output Amplifier 

AD582 

V- 

Output Amplifier 

AD584 

V- 

Output Amplifier 

AD586/AD587 

V- 

Output Amplifier 

AD588 

V- 

Output Amplifier 

AD624/AD625 

V- 

Output Amplifier Integrator 

AD636 

V-, V~, 

Common 

External Integrator to V~, Internal 
Feedforward V- to Common 

AD637 

V-, 

Common 

Internal Feedforward V - to Common 

AD645 

V- 


AD650/AD652 

V- 

Internal Amplifier 

AD662 

Common 

DAC Control Loop Integrator and 
Reference Amplifier Referred to 
Common 

AD664 

V- 

Output Amplifiers 

AD667 

V-, 

Common 

Output Amplifier Referred to V- 
and Reference Amplifier Referred 
to Common 

AD668 

V- 

Reference Amplifier 


Internal Integrator 


Referred to: 

Comment 

AD688 

V- 

Output Amplifier 

AD689 

V- 

Output Amplifier 

AD704/AD705/ 

AD706 

V- 


AD707/AD708 

V-, V- 

Internal Feedforward Cap V- to V - 
and Integrator V- to Output 

AD71 1/AD712/ 
AD713 

V- 


AD736/ 

AD737 

v-, 

Common 

External Integrator to V- 

Internal Feedforward V- to Common 

AD741 

V- 


AD744/AD746 

V- 


AD766 

V- 

Output and Reference Amplifier 

AD767 

V- , 

Common 

Output Amplifier Referred to V- and 
Reference Amp Referred to Common 

AD840/AD841/ 

AD842 

V-, v- 


AD843 

V~, V- 


AD844/AD846 

V*, V- 


AD845 

V- 


AD847/AD848/ 

AD849 

V*, v- 


ADI 856/ADI 860 

V- 

Output and Reference Amplifier 

ADI 864 

V- 

Output and Reference Amplifier 

AD2700/AD2710 

Common 

Output Amplifier 

AD2701 

V- 

Output Amplifier 

AD2702/ 

AD2712 

V-, 

Common 

Output Amplifiers 

AD7224/AD7225 

V- 

Output Amplifiers 

AD7226/AD7228 

V- 

Output Amplifiers 

AD7237/ 

AD7247 

V*, 

Common 

Reference Amplifier to Common 
Output Amplifier to Both V* 
and Common 

AD7245/ 

AD7248 

V*, 

Common 

Reference Amplifier to V* 

Output Amplifier to Both V* 
and Common 

AD7569/AD7669 

V- 

All Amplifiers 

AD7769 

Common 

All Amplifiers 

AD7770 

Common 

All Amplifiers 

AD7837/AD7847 

V* 

All Amplifiers 

AD7840 

V-, 

Common 

Output Amplifiers to V* 

Reference Amplifier to Common 

AD7845 

V* 

All Amplifiers 

AD7846 

V* 

All Amplifiers 

AD7848 

V-, 

Common 

Output Amplifier to V- 
Reference Amplifier to Common 


Table I. 

This collection of examples won't solve all your potential 
grounding problems. I hope that it will give you some 
good ideas how to prevent some of them, and it should 
also give you some of the "inside story" on I.C.'s which 
you can put to work in very practical ways. There is no 
general grounding method which will prevent all possi- 
ble problems. The only generally applicable rule is atten- 
tion to detail, and remember that you can always trust 
your mother, but .... 
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Video Formats & Required Load Terminations 

by Bill Slattery 


A number of international standards exist for specifying 
video levels used in television and video monitors. This 
application note describes some of the more common 
standards and compares their similarities. It also details 
the required load terminations for Analog Devices video 
RAM-DACs and explains how alternate video standards 
can be implemented by altering the load termination. 

VIDEO STANDARDS 

The NTSC standard is the one most commonly used in 
North America and Japan, while Europe uses PAL and 
SECAM video standards. Figure 1 shows an RGB video 
waveform, and Table I shows the associated current, 
voltage and IRE relationships for the various video 
standards. 



Figure 1. RGB Video Waveform 


Table I. Levels Associated with Various Video Formats 



Video Output 
Levels 

IRE Units 

Volts 

Singly Terminated Line 
mA (typ), 75fl Monitor 

Doubly Terminated Line 
mA (typ), 75L1 Monitor 

NTSC 

Blank to White 

100 

0.714 ±0.1 

9.52 

19.04 

RS-343A 

Blank to Black 

7.5 ±5 

0.054 (typ) 

0.714 

1.43 


Blank Level 


0 

0 

0 


Blank to Sync 

40 (typ) 

-0.286 ±0.05 

-3.81 

-7.62 

NTSC 

Blank to White 


1.0 ±0.05 

13.33 

26.67 

RS-170 

Blank to Black 


0.075 (typ) 

1 

2 


Blank Level 


0 

0 

0 


Blank to Sync 


-0.4 (typ) 

-5.33 

-10.67 

PAL 

Blank to White 

100 

0.714 (typ) 

9.52 

19.04 


Blank to Black 

0 

0 

0 

0 


Blank Level 


0 

0 

0 


Blank to Sync 

43 (typ) 

-0.307 (typ) 

-4.09 

-8.19 

SECAM 

Blank to White 

100 

0.714 (typ) 

9.52 

19.04 


Blank to Black 

0 to 7 

0 to 0.049 

0 

0 


Blank Level 


0 

0 

0 


Blank to Sync 

43 (typ) 

-0.307 (typ) 

-4.09 

-8.19 


NOTE 

This table indicates the Blank Level as being the zero reference level while the Sync Level is given a negative value. In the case where composite sync is asserted 
using the DAC, Analog Devices video RAM-DACs have the Sync Level as the zero reference level; the Blank, Black and White Levels are all offset positively by 
the value of Sync Level. This will have no effect on the implementation of a particular standard as this is determined by the relative magnitude of the Blank Level 
relative to the White Level. The Blank to White Level remains unchanged whether or not sync is being asserted by the DAC. 
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The composite video waveform illustrates the relation- 
ship between the white level and blank level (gray scale 
or video portion) as well as the black and sync levels. 
The amplitude level between the blank level and white 
level is defined to be 100 IRE units. This corresponds to a 
voltage level of either IV or 0.714V. The newer interna- 
tional standards specify the lower voltage level of 
0.714V. The RS-343A, PAL and SECAM standards all 
specify a blank to white level of 0.714V, while RS-170 
specifies a level of IV. The blank to black level, also 
known as the setup or pedestal, is used to ensure a 
blacker than black beam level during retrace. The ampli- 
tude of the blank to black level varies between 0 and 
approximately 7.5 IRE units, depending on the video 
standard used. An additional 40 to 43 IRE units are re- 
quired to drive the beam to the sync level. The sync 
levels of 40 IRE units for NTSC and 43 IRE units for both 
PAL and SECAM are close enough in tolerance to the 40 
IRE levels of Analog Devices video RAM-DACs, thus en- 
abling Analog Devices parts to output either NTSC, PAL 
or SECAM video formats. Table I illustrates the various 
amplitude levels and their tolerances for the video for- 
mats outlined above. 

The most common of the four video standards used in 
computer graphics is RS-343A. The three RGB (red, 
green and blue) signals are individually generated, each 
one containing video, blanking and sync information. In 
many cases however, sync information is only encoded 
onto the green channel. 

LOAD TERMINATIONS 

Analog Devices video RAM-DACs are capable of driving 
75 H monitors using either doubly terminated or singly 
terminated loads. Table I shows the currents associated 


with the various video standards, for both 750 load 
termination and 37.50 (doubly terminated 750) load 
termination. Figures 2 and 3 show the electrical connec- 
tions between the video RAM-DAC and monitor. Any of 
the video standards listed in Table I can be implemented 
using either of these two terminations. Note that for 
singly terminated loads, I OU t will have to be changed by 
adjusting l REF . 

IMPLEMENTATION OF RS-343A AND RS-170 

Analog Devices video RAM-DACs can implement either 
RS-343A or RS-170. This is achieved, in the case of a 
doubly terminated configuration, by varying the value of 
the source termination resistance Z s . Figures 4a to 4d 
show the required terminations as well as the associated 
RGB video waveforms for both RS-343A and RS-170 
implementation when using the ADV478/ADV471 . The 
assertion or nonassertion of sync is also distinguished in 
these diagrams. The advantage of using this technique 
to implement the different video standards lies in the 
fact that the output current level of the DAC need not be 
altered. The relationship between DAC output current, 
load termination resistance and voltage across the mon- 
itor is given by 

w _ *out • Z s • Z L 
Vl = Z S + Z L 

V L = voltage developed across monitor 

•out = DAC output current 

Z s = source termination resistance 

Z L = cable/monitor impedance 

Since the relevant video standard is determined by the 
voltage developed across Z L , altering the value of Z s is a 
simple method of selecting any of the video standards. 



Figure 2. Singly Terminated 75< 1 Load 


Z 0 = 751 1 



Figure 3. Doubly Terminated 75il Load 
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19 04mA Z„ = 751 i 



= BLANK TO WHITE LEVEL (RS-343A) 



Figure 4a. RS-343A Load Termination & RGB Video Waveform (SYNC Not Asserted) 



Figure 4b. RS-170 Load Termination & RGB Video Waveform (SYNC Not Asserted) 
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Figure 4c. RS-343A Load Termination & RGB Video Waveform (SYNC Asserted) 
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Figure 4d RS-170 Load Termination & RGB Video Waveform (SYNC Asserted) 
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SELECTABLE TERMINATION 

Figures 5a and 5b illustrate an interesting load termina- 
tion technique which allows the user to select either 
RS-343A or RS-170. If the switch is in the closed position, 
RS-343A is implemented. If the switch is in the open 
position, a blank to white voltage level of IV is devel- 


oped across the 75U monitor load, corresponding to 
RS-170. In the case where sync is not asserted by the 
DAC, the termination is as shown in Figure 5a. When 
sync is asserted by the DAC, the output must be termi- 
nated according to Figure 5b. 


Z 0 = 75il 



Z l = 75 o 
(MONITOR) 


Figure 5a. RS-343A & RSI 70 Selectable Termination (SYNC Not Asserted) 


Z 0 = 75!2 



Z l = 75!2 
(MONITOR) 


Figure 5b. RS-343A & RSI 70 Selectable Termination (SYNC Asserted) 
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Analog Panning Circuit Provides Almost Constant Output Power 

by John Wynne 


In audio recording and playback it is often required to split 
or "pan" a single signal source into a two-channel signal 
for stereo effects. To locate the signal source as desired 
in the sound stage, the overall signal power is maintained 
constant while the relative levels in the derived channels 
are adjusted. This application note describes a circuit 
which limits variations in the total output power to 
±0.1dB. It uses two CMOS Multiplying D/A Converters to 
control the signal levels in the derived channels. CMOS 
DACs are ideal in this application because of their low dis- 
tortion. The DACs function as resistive attenuators using 
thin-film resistors which have low noise and very low volt- 
age coefficient. Converters which are especially suitable 
for this application are Dual-DACs which contain two 
CMOS DACs on a monolithic substrate. These are avail- 
able from Analog Devices with 8-bit resolution (AD7528) 
or 12-bit resolution (AD7537/47/49). 

The simplest and most obvious circuit for panning is 
shown in Figure 1 . The digital data N B fed to DAC B is the 
2's complement of the data N A fed to DAC A. For n-bit con- 
verters the digital input codes, N A & N B/ can be rep- 
resented by fractional values, D A & D B respectively, where 
D A =N A /2 n and D B = N B /2 n , with N A and N B in decimal 
format. Because of the 2's complement arrangement be- 
tween the DACs, the all 0's code or full mute condition is 
not allowed - in theory at least. The relationship between 
the two fractional representations, D A & D B , is given as: 

D a + D b = 1 (1) 

The output voltage expressions for the two channels in 
Figure 1 are as follows: 

Vquta = -D a -V| N (2) 



Figure 1. Simple Power Splitter Circuit 


V OUTB - -D B *V| N (3) 

The performance of a 12-bit system is shown in Figure 2 
where the total output power level is plotted versus N A . 
The OdB output power level used as the reference level in 
Figure 2 is the total output power available when D A = D B 
= 0.5, the balanced condition. With this simple panning 
circuit, the total output power level at either extreme of 
the allowable input code range has increased by 3dB (a 
doubling of the power) over the power output level at the 
balanced condition. Load impedances, RLA & RLB, are as- 
sumed equal for both channels. 
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INPUT CODE, N a , IN HEXADECIMAL 

Figure 2. Response of Figure 1 Using 12-Bit DACs 


A circuit which avoids this doubling in output power level 
is shown in Figure 3. The DACs are again driven with 2's 
complementary data. The output voltage expressions for 
the two channels are as follows: 


Vquta ~ 


-PaVin 
1 +Da 


(4) 


Vqutb ~ 


-P B -V.N 

1 +d b 


(5) 


Power splitter performance for this circuit when imple- 
mented with 12-bit DACs is shown in Figure 4. At the ex- 
tremes of the input code range the total output power is 
now only 0.5dB greater with respect to its level at the ba- 
lanced condition. This amount of output variation would 
be acceptable in many applications. Certain applications, 
however, may demand better performance than this. 




200 400 600 800 A00 COO E00 FFF 

INPUT CODE, N a , IN HEXADECIMAL 

Figure 4. Response of Figure 3 Using 12-Bit DACs 
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HIGHER PERFORMANCE POWER SPUTTER 

A higher performance power splitter circuit can be built by 
adding some gain around the CMOS DACs of Figure 3. 
The gain factor required is equal to V2. 

In order to provide a DAC output voltage which is V2 
times greater than normal, the effective value of the feed- 
back resistor must be made equal to V2 times the DAC 
ladder impedance Rdac- Reference 1 outlines how addi- 
tional gain can be added to the standard configuration 
without requiring a large gain adjustment range or com- 
promising the circuit's temperature coefficient. The cir- 
cuit configuration of Figure 5 provides the additional V2 
gain factor. Resistors R1, R2 and R3 should have similar 
temperature coefficients, but they need not match the 
temperature coefficient of the DAC. The three resistors 
are precision (0.1%) metal film resistors with standard 
EIA/MIL values. When both DAC circuits of Figure 3 are 
changed to include the gain resistors of Figure 5, the out- 
put voltage expressions for the two channels become: 



Figure 5. Additional Resistors to Provide V2 Gain Factor 


Vquta 


-V2-D a -V| N 
1 + V2-D a 


-V2-D b -V| N 

1+V2-D b 


The performance of the revised circuit is shown in Figure 
. 6. The total power output at either extreme of the input 

code range is equal to the total power output at the ba- 
lanced condition. The output power level remains con- 
stant within a ±0.1dB error band. With the exception 
( 7 ) of R1, R2 and R3, all resistors are metal film, 10kfl, 1% 

tolerance. 



Figure 6. Response of Figure 3 Using V5 Gain Factor 
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STAND-ALONE APPLICATIONS 

Many applications which are microprocessors-based will 
have no difficulty in generating the 2's complement data 
required for the previous power splitter circuits. It is also 
possible in non-microprocessor-based systems to per- 
form the 2's complement operation with dedicated hard- 
ware. If either of these approaches are unsuitable, for 
whatever reason, it is still possible to build a power split- 
ter circuit by rewiring one of the DAC channels and driving 
both DACs with identical data. Figure 7 shows the rewir- 
ing and the additional circuitry required to achieve this. 


The output expressions for the two channels are now: 
-d*v in 


v OUTA - 


1 + D 


-d-P)-V.N 
2 - D 


( 8 ) 

(9) 


The performance of Figure 7 is identical to that of Figure 
3. Additionally, the circuit performance can be upgraded 
in a similar fashion as previously described for Figure 5. 


R 



Figure 7. Power Splitter Circuit with Identical DAC Data , N 
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Interfacing Two 16-Bit ADI 856 (ADI 851) Audio 
DACs with the Philips SAA7220 Digital Filter 

by Kevin Greene 


INTRODUCTION 

The AD1856 is a complete 16-bit DAC used primarily for 
digital audio applications. The AD1851 is a lower noise, 
second generation version of the AD1856. Each device 
provides a voltage output amplifier, 16-bit DAC, 16-bit 
serial-to-parallel input register, and voltage reference. 
The AD1856 is specified to operate with ±5 V to ±12 V 
supplies and achieves a maximum of 0.0025% total har- 
monic distortion (THD). The AD1851 operates with ±5 V 
supplies and has a maximum of 0.004% total harmonic 
distortion + noise (THD + N), and a signal-to-noise ratio 
(SNR) of at least 107 dB. Their performance and ease of 
use make the AD1856/AD1851 popular choices for 16-bit 
audio designs. 

The Philips SAA7220 is a 4x oversampling digital inter- 
polating filter. Some listeners prefer the sound quality of 
this filter over other digital filters on the market. The 
SAA7220 features attenuation correction in the audio 
passband. Other digital filters typically do not incorpo- 
rate this feature making it difficult, if not impossible, to 
achieve a flat frequency response using a Butterworth or 
Bessel filter. These features make the SAA7220 a popu- 
lar choice for system designers. 

The combination of the AD1856/AD1851 with the 
SAA7220 yields a system with very low THD + N and an 
excellent SNR. If a Bessel (also known as Thompson) 
filter is used, the transient response will be exceptional 
as well. Figure 1 shows a block diagram of the system. 
Unfortunately, the output interface of the SAA7220 is 
compatible with l 2 S format, while the AD1856/AD1851 
has a standard 3-line interface. 


INTERFACE 

The interface needs to take the SAA7220 output, which 
conforms to l 2 S format (see Figure 2a), and modify it to 
match the input requirements of the ADI 856/ADI 851 . 

clk iuuimriri^jinjuummr 
-BO O00OOOOOOOOOOOOOQ0© 

WSBD 1 left | RIGHT 

Figure 2a. Output of SAA7220 

Three signals must be present for proper operation of 
the ADI 856/ADI 851 : Data, Clock, and Latch Enable. 
These signals are shown in Figure 2b. Bringing Latch 
Enable low after the least significant bit of any word 
latches the previous 16 bits and starts the conversion. 

— 0060000000000000000 

LATCH ^ | t 

Figure 2b. Signal Requirements for ADI 856 (ADI 851) 

In order for the AD1856/AD1851 to be compatible with 
the SAA7220, the interface must delay the WSBD line by 
one clock cycle, gate the clock on the left channel, and 
simultaneously latch both DACs to eliminate any phase 
shifts between channels. A quad NAND gate and a dual 
D flip-flop accomplish this as shown in Figure 3. 



Figure 1. Block Diagram of System 
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Figure 3. Interface of the SAA7220 and ADI 856 (ADI 851) 

CIRCUIT DESCRIPTION 

Data bits are valid on the negative edge of the clock. The 
D flip-flops are positive-edge triggered, therefore one 
NAND gate (U3a) is used to invert the clock to the flip- 
flops. Referring to Figure 2a, WSBD goes low one clock 
cycle prior to the LSB. Figure 2b shows LATCH going 
low after the LSB. The flip-flops delay WSBD by one 
clock cycle, similar to a shift register, to correct this 
mismatch. The other two NAND gates (U3b and U3c) are 
used to form an AND gate to gate the clock to the left 
channel DAC (U5). The SAA7220 transmits serial data, 
left channel first, followed by right data. WSBD is low 
during left data transmission. Using Q of U2b, the AND 
gate is "on" during the left data transmission. Therefore 
both DACs clock in the 16 left channel bits. During the 
transmission of right data, WSBD goes high (Q goes 
low), turning "off" the clock to U5. Only the right chan- 
nel (U4) clocks in the right data. After the LSB of right 
data is clocked into U4, both DACs can be simulta- 
neously latched from the Q output of U2b. 

PASSBAND ATTENUATION 

All ripple-free low-pass filters have attenuation in the 
passband similar to Figure 4a. Typically, the corner fre- 
quency is approximately 30 kHz for many audio circuits. 
This results in signal attenuation at 20 kHz. The SAA7220 
provides 1.0 dB of digital pre-emphasis in the 20 kHz 
passband with attenuation in the stopband as shown in 
Figure 4b. If the analog filter is designed such that the 
magnitude is 1 dB down at 20 kHz, the combined re- 
sponse will theoretically be flat in the passband as 
shown in Figure 4c. 



Figure 4a. Analog Filter Response 



Figure 4b. Digital Filter Response 



Figure 4c. Combined Response 

Normally, Chebyshev or Elliptic filters, with very low 
ripple, would be required to achieve a flat response. 
However, these filters inherently have a poor transient 
response. A Bessel filter, which is optimized for linear 
phase, has essentially no overshoot or ringing associ- 
ated with its step response. Additionally, the impulse 
response lacks oscillatory behavior. The Elliptic, Cheby- 
shev, and even Butterworth filters all suffer from these 
shortcomings. The improvement in the transient re- 
sponse reduces the distortion of the overall circuit. 
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Figure 5 shows one such Bessel filter architecture. It's a 
3rd order Sallen and Key filter with the -1 dB point of 
about 20 kHz. An advantage of this filter is that it uses 
only one op amp which reduces the component cost. A 
disadvantage is that the sensitivity (the change in mag- 
nitude to variations in the component values) increases 
dramatically as the order of the filter increases. The 
sensitivity of a third order filter is usually acceptable. 
Additionally, the capacitor values need to be modified to 
match available values. This causes the filter to roll-off 
slightly more than 1 dB at 20 kHz. Another design possi- 
bility is to use two op amps, cascading a two-pole filter 
and a one-pole filter. This would reduce the sensitivity of 
the filter and possibly achieve a more accurate 1 dB 
point. 


560pF 


12.7k 12.7k 

V IN oA/WtVMAM-f- 
O 390pF lOOpF 

V V 





Figure 5. 3rd Order Bessel Filter 


RESULTS 

By combining the SAA7220's digital filter, the AD1856 
(or even better, the AD1851), and a Bessel filter, an 
excellent system can be achieved. The result is a circuit 
with THD + N and SNR specifications comparable to the 
highest quality systems using Butterworth or Bessel fil- 
ters, but additionally offering the flat frequency re- 
sponse of a system using a Chebyshev or Elliptic filter. 
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Understanding LOGDACs™ 

by Jerry Whitmore 


INTRODUCTION TO THE ANTILOG D/A CONVERTER 

Analog Devices' AD7100 Series LOGDACs are CMOS mul- 
tiplying DACs characterized by an exponential (anti- 
logarithmic) digital-to-analog transferfunction. 

Perhaps the easiest way to visualize what a LOGDAC does 
is to compare it to two well-known circuits — the classic 3- 
terminal potentiometer and a CMOS multiplying DAC 
(digitally controlled potentiometer). As shown in Figure 
la through Figure 1c, the transfer function of all three cir- 
cuits is of the form: 


WHERE: 

n = Number of digital input bitsto the DAC 
N = Integer value of DACs digital input 

NOTE: Many treatments of multiplying DACs label the at- 
tenuation factor "D" where the digital input "D" 
is: 

~ / N \ Bit 1 . Bit 2 Bit n 

D = a = — = 1 1- . . . 


Vout = «V| N 


EQN1 


WHERE: Bit 1 through Bit n = 1 or 0 
n = Number ofbits 


WHERE: 

a = attenuation factor 

0<a<1 


In each case shown in Figure 1, a is a dimensionless 
number which can range from 0 (maximum attenuation) 
to approximately 1 (minimum attenuation). Additionally, 
each circuit has an analog input (V| N ), an analog output 
(Vout) and a mechanism for controlling the attenuation 
factor a. 

The above in conjunction with Figure la through Figure 
1c illustrates the similarity of the pot, M-DAC and LOG- 
DAC functions. How, then does the LOGDAC DIFFER from 
the linear M-DAC? 

The answer is resolution. The basic differentiating feature 
of the LOGDAC versus the linear multiplying DAC is the 
way resolution is specified. 


RESOLUTION OF LOGDACs VERSUS LINEAR DACs 

From Figure 1b, the attenuation factor a of a linear DAC 
is: 



EQN2 


LOGDAC is a trademark of Analog Devices, Inc. 


Since N was postulated to be an integer, the smallest 
possible change of N is plus or minus one count. The reso- 
lution of a is, therefore, ±1 part in 2 n or 1 part in full 
scale. Important to realize is that the voltage resolution of 
a linear DAC is the same (barring differential nonlinearity 
effects) at all points on its transferfunction. 


r 2 

Rt 


v 1N 

| O Vout 

VCOMMON 


VouT - (r; **) < V,N > 


FORM: 

Vqut = «V, N 


WHERE: . R 

a = ATTENUATION FACTOR = ( R ■ J - 

Figure la. Three Terminal Pot 


The resolution of a LOGDAC is different, however. The 
following discussion shall endeavor to show that a LOG- 
DAC's voltage resolution is different at all points on its 
transferfunction, i.e., barring differential nonlinearity ef- 
fects, the resolution expressed as a percent of reading 
(not percent of full scale) is constantthroughoutthe LOG- 
DACs range. 
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Vqut = “ ( ^;)( v in) 


FORM: 

Vqut = ~«V, N 


WHERE: . N . 

« = ATTENUATION FACTOR = (— ) 

n = NUMBER OF DIGITAL INPUT BITS 
N = DIGITAL INPUT (0 N 2"-1) 


EXAMPLE: FOR 8-BIT DAC 
n = 8, 2 n =256 
0 N 255 

o „ ( 255 l 
0 " '256' 


Figure 1b. Linear Multiplying DAC (Digitally Controlled 
Pot) 



-O.OSrN 

Vour= -V IN (10) 


FORM: 

Vqut = -aV, N 


WHERE: 

-O.OSrN 

a = ATTENUATION FACTOR = 10 


N = DIGITAL INPUT 
FOR AD7111: 0<N<239 
FOR AD7118: 0<N<59 
FOR AD7115: 0<N<199 

r = LOGDAC RESOLUTION IN dB 


Figure 1c. LOGDAC (Digitally Controlled Pot) 


From Figure 1c, the LOGDACs attenuation factor a is an 
exponential function (antilog) of the basic form : 


y = a~ 


EQN3 


If base number 10 is chosen (other base numbers can be 
used, incidentally), the attenuation factor a for the LOG- 
DAC of Figure 1c becomes: 


WHERE: 

N = Integervalueof DACs digital input 
for AD71 15: 0<N<199 
for AD71 1 1 : 0<N<239 

for AD71 18: 0<N<59 
r = LOGDAC resolution in dB 
for AD7115: r = 0.1 
for AD71 1 1 : r = 0.375 
for AD71 18: r = 1 .5 


Taking the LOG of both sides of EQN4gives: 

LOG *.--(§ 

20LOGi 0 cx = -rN 
1 a dB = ~ rN~ 


EQN5 


From EQN5, it is readily apparent that a plus one count 
change of N causes an attendant - (r)dB change in the at- 
tenuation factor a (and thus also a -(r)dB change in the 
DAC's output voltage). 

Figure 2 is a graph of the general LOGDAC transfer func- 
tion for the circuit of Figure 1c. It shows quite simply that 
increasing the digital input N causes a decrease in the out- 
put voltage V 0 ut- Additionally, it shows the nonlinear re- 
lationship of Vout relative to N. Figure 3 is an expanded 
section of the transfer function shown in Figure 2. It illus- 
trates the fact that the ratio of any two adjacent LOGDAC 
output voltage levels is the same throughout the transfer 
function. To further amplify the significance of this point, 
consider that a + one count change in the digital input N 
causes the output voltage to decrease in amplitude by a 
fixed ratio relative to where it was before the change. (At 
all points on its transfer function . . .) Thus, we have a DAC 
with percent of reading resolution as opposed to the line- 
ar DAC which defines resolution in terms of percent of full 
scale. 



INCREASING N 
DIGITAL INPUT, N 


Figure 2. LOGDAC D/A Transfer Characteristic 


a = 10 


rN 


20 


To summarize, a linear DAC's voltage resolution is fixed 
throughout its transfer function. However, the LOGDAC 
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Figure 3. Expanded LOGDAC Transfer Function Illus- 
trating the Concept of % of Reading Resolution 

exhibits a continuously variable output voltage resolution 
throughout its transfer function range. The LOGDAC's 
voltage resolution is coarsest at or near full scale (OdB) 
and finest at or near 0 scale (mute). Table I shows the equi- 
valent percent of reading resolution for various Analog 
Devices LOGDACs. 



dB Resolution 

j % of Reading Resolution 

Model 

(AN = ± 1 Count) 

(AN= +1 Count) 

(AN = - 1 Count) 

AD7118 

±1.5dB 

-15.9% 

+ 18.9% 

AD7111 

+ 0.375dB 

-4.2% 

+ 4.4% 

AD7115 

± O.ldB 

- 1.1% 

+ 1 .2% 


Tablet. 


BASIC CIRCUIT CONFIGURATIONS 

ANTILOG DAC (Exponential with Negative Exponent) 

The circuit of Figure 4 generates output voltage levels as 
determined by the equations: 


Vn., T = -V IN 10 


and/or 


VnuT - — Vi N e 


- (0.1 1512rN) 


EQN6 


EQN7 


WHERE: 

r = LOGDAC resolution in dB 

for AD71 18: r= 1.5 

for AD71 1 1 : r = 0.375 

for AD71 15: r = 0.1 

N = Integerequivalentofdigital input 

for AD71 18: 0<N<59 

for AD71 1 1 : 0<N<239 

for AD71 15: 0<N<199 

V| N = acordcinputvoltage 

(nominal range ± 10V) 



Figure 4. ANTILOG D/A Converter (Negative Exponent) 

Features of the circuit of Figure 4 include: 

1 . It provides dB attenuation of V 0 ut relative to V| N as de- 
termined by the digital word N. (i.e., output range is 
OdB to -dB) 

2. The circuit provides % of reading resolution. 

3. The analog input can be voltage or current, ac or dc, 
positive or negative polarity - i.e., the circuit is basi- 
cally a CMOS multiplying DAC. 


ANTILOG DAC (Exponential with Positive Exponent) 

The circuit of Figure 5 is analogous to a multiplying DAC 
divider circuit. It provides signal gain of V 0 ut relative to 
V| N as determined by the equations: 


+ (— ) 

V O ut=-V in 10 ' 2 ° 


and/or 


+ (0.1 1512rN) 

Vqut = ~ V|N e 


EQN8 


EQN9 



Figure 5. ANTILOG D/A Converter (Positive Exponent) 

Basically, the analog input or reference voltage is applied 
to the on chip feedback resistor (RFB) and the amplifier 
output is connected to the V| N terminal of the LOGDAC. 
The LOGDAC then ends up in the amplifier's feedback 
loop, thus the circuit provides dB gain of Vqut relative to 
V|m as determined by the digital input N (i.e., Vqut range 
is OdB to positive dB). As does the negative exponential 
DAC of Figure 4, this circuit provides % of reading resolu- 
tion. 
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LOG OR LOG RATIO ADC 

The circuit of Figure 6 provides an ADC function while per- 
forming a LOG compression. Its transfer function is: 



Figure 6. Log or Log Ratio A/D Converter 


If the digital answer N (of EQN10) is multiplied by -r, the 
numerical value obtained is the dB value of the absolute 
valueofV| N relative to V REF (answer OdB to -dB). 

If the digital answer N (of EQN11) is multiplied by -r/ 
8.68659, the numerical value obtained is the natural log of 
the absolute value of V| N relative to V REF . 

Circuit Constraints: 

1 . V| N and V REF must be of opposite polarity 

2. V| N <V RE F 
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8th Order Programmable Low Pass Analog Filter Using Dual 12-Bit DACs 

by Bill Slattery 


INTRODUCTION 

This application note describes the design of a low pass 
analog filter whose cutoff frequency can be programmed 
from 100Hz to 50kHz. The filter is designed as a plug in ex- 
pansion board for IBM PC AT/XT* or compatibles. A high 
order filter function is implemented, giving a very fast roll- 
off in the transition band. This design realizes an 8th order 
function with a roll-off equalling 48dB/octave. The note 
also discusses some of the tradeoffs and practical limita- 
tions which must be considered when designing a filter. 

The design is based on a 2nd order universal active fil- 
ter, as shown in Figure 1. The required performance is 
achieved by cascading four of these 2nd order stages. 

R7 



The cutoff frequency of the filter is determined by R3, R4, 
Cl and C2. Digital control of the cutoff frequency is 
achieved by replacing resistors R3 and R4 in each stage 
by CMOS Multiplying Digital to Analog Converters 
(DACs). The DAC is in effect configured as a digitally pro- 
grammable resistance. 

To have accurate control of cutoff frequency, R3 and R4 
within each stage must be closely matched. This is best 
achieved by replacing these two resistors with a 
monolithic dual 12-bit DAC. Analog Devices produces a 
range of suitable dual 12-bit DACs, the AD7537, AD7547 
and AD7549. Since these have two DACs on one chip, DAC 
resistance matching will be in the order of 0.5%. Addition- 
ally, the use of 12-bit DACs ensures excellent resolution 


*IBM PC AT/XT is a trademark of International Business Machines 
Corp. 


over the wide range of cutoff frequencies which can be 
programmed to the filter. 

Applications for this filter include Industrial Process 
Control, Automatic Test Equipment (ATE), Sonar Signal 
Processing, Instrumentation, Audio Systems and Data 
Acquisition Systems. In Digital Signal Processing (DSP) 
applications, it can be used as the front end, low pass, 
anti-alias filter. 


THE FILTER FUNCTION 

A 2nd order low pass filter function is given by 

V0UT (S) Aq (Dq 2 

V| N < S > S 2 + b) 0 S + fa)Q 2 

Q~ 

where s = jo> 

wo = 3dB bandwidth (cutoff frequency) 

Q = circuit Q factor 
A© = gain at to = wq 

The universal active filter shown in Figure 1 has a 2nd 
order low pass transfer function given by 


Vqut ( s) 

V 1N <s> 


s 2 + 


R5R8 / 1 \ 2 

R1 R6 lei R3/ 

R5R8 7 1_ L+ (...I V 

R2R6 \C1 R3/ S+ \C1 R3/ 


when R3 = R4 
R7 = R8 


( 2 ) 


and Cl = C2 

By comparing coefficients between Equations (1) and (2) 
we see that 


a _ R5R8 
A ° R1 R6 


Q 


R2 R6 
R5R8 


1 

400 “ Cl R3 


hence f 0 = R3 (filter cutoff frequency) 


(3) 

(4) 

(5) 

( 6 ) 
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STAGE 1 STAGE 2 STAGE 3 STAGE 4 

Figure 2. Block Diagram of 8th Order Butterworth Filter 


8th Order Butterworth Filter Function 

In realizing a particular 8th order filter function, each 2nd 
order stage is individually programmed to a specific 
cutoff frequency, f 0 and Q. Values of f 0 and Q for different 
filter types can be found using tables or software rou- 
tines which are widely available (References 1 and 2). 

The design discussed in this application note implements 
a unity gain, Butterworth filter function. The cutoff fre- 
quency which must be programmed to each stage is the 
same as the overall filter cutoff frequency f 0 . The Qs of 
each stage, however are not the same. Figure 2 shows the 
required values of f 0 and Q for each stage. 

Since the gain of each stage is unity (A 0 = 1 ), Equations 
(3) and (4) can now be solved using the values of Q given 
in Figure 2, to yield the required resistor values. Table I 
lists the required resistor values of each stage. 



Stage 1 

Stage 2 

Stage 3 

Stage 4 

R1 

39k 

150k 

120k 

12k 

R2 

20k 

82k 

82 k 

33k 

R5 

12k 

82k 

82k 

3.9k 

R6 

10k 

1.8k 

2.7k 

10k 

R7 

33k 

3k 

3k 

33k 

R8 

33k 

3k 

3k 

33k 


1% tolerance resistors should be used. 


Table I. Resistor Values for Each Stage of This 8th Order 
Butterworth Filter. 


DIGITAL CONTROL OF CUTOFF FREQUENCY 

The cutoff frequency of the filter is determined by Cl , C2, 
R3 and R4. However, since Cl = C2 and R3 = R4, the 
cutoff frequency f 0 can be expressed in the form shown 
in Equation (6). 

Digital control over cutoff frequency is achieved 
by replacing R3 and R4 with one of the following 
configurations: 

1. The AD7537 DAC. 

2. The AD7537 DAC in series with a padding resistance 
Rpad- 

The principal difference between the AD7537, AD7547 
and AD7549 is in their loading structure. The AD7537 is 
chosen for this design, see Figure 3. Its 2 byte (8 + 4) load- 
ing structure makes it ideal to use with a microprocessor 
based system which has an 8-bit data bus. The IBM PC AT/ 
XT or compatible is just such a system. 



Figure 3. Functional Block Diagram of A D7537 


The AD7537 is a dual 12-bit current output DAC which 
comes in a space saving 24-pin 0.3" wide package. The 
AD712 op amp is chosen for this design. It is a high per- 
formance, low-cost dual op amp. Its large Gain Bandwidth 
Product ensures excellent performance of the filter for 
cutoff frequencies up to and beyond 50kHz. (For more de- 
tailed information on the AD7537 and AD712 consult the 
relevant data sheets.) 

Design (1) 

Figure 4 shows how R3 and R4 are replaced by the AD7537 
dual DAC. The AD7537 is now in effect a pair of pro- 
grammable resistors. 

The equivalent resistance of a DAC in this configuration 
is given by 



where R DAC is the DAC ladder resistance 

and D is the digital fraction programmed to the DAC. 
D is given by 



where n = resolution of DAC in bits 
(inthiscase n = 12) 

N = DAC digital code (decimal 1 to 4095) 


11-126 APPLICATION NOTES 









Since R3 is now replaced by R EQ we can write 


frequency can be written as a function of the decimal 
code N. 


f ° ~ 2irC1 R eq (9) 

Choosing Cl = 220pF and R DAC = 14k 

and solving between Equations (7), (8) and (9), the cutoff 
frequency can be written as a function of the decimal 
code N. 

f 0 = (0.01262*N) kHz (10) 

In practice the cutoff frequency can now be programmed 
between 1 00Hz and 50kHz with a resolution of 1 3Hz. 


I R7 I 



•See "GAIN BANDWIDTH PRODUCT SECTION". 

* ‘ADDITIONAL CIRCUITRY OMITTED FOR CLARITY 

Figure 4. Single Stage of Programmable Filter Using an 
AD7537 


For a known DAC ladder resistance, a stage can be accu- 
rately programmed to a specific cutoff frequency. The two 
frequency controlling resistors are effectively matched to 
within 0.5%, since both are in one monolithic package. 
However, to achieve an overall accurate filter cutoff fre- 
quency, the DACs in each of the four stages must have 
similar DAC ladder resistances. DAC ladder resistance can 
vary between 9k and 20k with a typical value of 14k, for 
different AD7537s. 


Design (2) 

One solution that can be adopted to avoid using specially 
selected AD7537s is to use a padding resistance R PA d in 
series with the DAC ladder resistance as shown in Figure 
5. A large value of R PA d/ 100k, is used. This has the effect 
of desensitizing the variations in DAC ladder resistance. 
This means that the specified variation in DAC ladder re- 
sistance now has an insignificant effect on the overall 
filter performance. 

The equivalent resistance of a DAC in this configuration 
is given by 


n ^dac + Rpad 
Heq - D 


( 11 ) 


Choosing Cl = 22pF, R PAD = 100k and R DAC = 14k 
and solving between Equations (8), (9) and (11), the cutoff 


fo = (0.01 549«N) kHz (12) 

The cutoff frequency can now be programmed between 
100Hz and 50kHz with a resolution of 16Hz. 

It should be noted that since we are using DACs whose 
ladder resistance can vary between 9k and 20k, the above 
expression for f Q will be accurate to within ±4.5%. If the 
padding resistance R PAD was not used, f 0 could vary by up 
to ±30% of the programmed value. Design 1 does not 
have this problem since DACs whose ladder resistance is 
known to be 14k are used. Cost and accuracy tradeoffs 
must be considered when choosing either of the two 
design options. 

C c * 


rHh-i 



•See "GAIN BANDWIDTH PRODUCT SECTION". 
••ADDITIONAL CIRCUITRY OMITTED FOR CLARITY. 


Figure 5. Single Stage of Programmable Filter Using an 
AD7537 and Series Resistances R PAD 

GAIN BANDWIDTH PRODUCT 

A compensation capacitor C c must be used on the 4th 
Stage of the filter. This is required to reduce effects 
caused by Gain Bandwidth Product limitations. The value 
of capacitance depends on the type of function imple- 
mented and the design option choosen. 

For this 8th Order Butterworth Filter, the value of the 
capacitor can vary between 1 5pF and 47pF 

Design (1)- Use 15pF 
Design (2)- Use47pF. 

DIGITAL INTERFACE 

The filter circuit can be built on a standard IBM prototype 
card and plugged directly into the expansion slot on the 
main board of an IBM PC AT/XT or compatible. The pro- 
totype board basically consists of buffers and some cir- 
cuitry which generates an enable line EN. Figure 7 shows 
the interface layout used. Each AD7537 is addressed (CS) 
using a 74LS138 (3 to 8 line decoder). Address lines A3 to 
A5 as well as the EN and IOW lines are used to decode 
each address. The valid addresses which can be used are 
HEX300to HEX31 F. 
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Since the AD7537 is a dual 12-bit DAC, data is loaded to 
each DAC with a 2-byte (8 + 4) loading instruction. Ad- 
dress lines AO to A1 select DAC A and DAC B, see Figure 
3, as well as selecting the low and high bytes of data. The 
address decoder also generates the UPD line which is 
used to update the data in all the DACs. 

An IBM Basic program for this Butterworth filter is given 
in Table A1, Appendix 1. The program is run by inputting 
the required cutoff frequency in kHz as well as the values 
of Rdac/ RpADr and Cl . The program calculates and outputs 
the relevant digital code to each of the DACs. Figure 6 
gives a flow diagram representation of the program used. 

PERFORMANCE 

Plots of amplitude and phase response as well as a plot 
of the noise spectrum for the 8th Order Butterworth Filter 
are given in Appendix 2. 

Figure A1 shows the amplitude response of the filter 
using Design 1 . Plots for four different cutoff frequencies 
are given in this figure. The programmed cutoff frequency 
is found to be within 3% of the actual cutoff frequency 
achieved, for each of the four cases. Passband ripple is in 
the order of 0.2dB. Stop-band rejection is greater than 
lOOdB, except for frequency components between 2kHz 
and 4kHz, and at 41 kHz and 1 MHz, where rejection is in the 
order of 90dB. The reduction in attenuation at lower fre- 
quencies is mainly due to the increased value of DAC 
equivalent resistance R E q. As the value of resistance in- 
creases, so too does the level of noise increase. In prac- 
tice, frequencies below 500Hz should not be programmed 
to the filter with the component values used in this design 
option. Cutoff frequencies of less than 500Hzcan however 
be achieved if larger values of capacitance Cl are used. 
This effectively reduces the range of selectable cutoff fre- 
quencies but allows lower cutoff frequencies with a re- 
duced noise floor to be programmed to the filter. At high 
frequencies, greater than 10MHz, it is found that there is 
less attenuation; attenuation reduces below 90dB. This is 
due both to gain bandwidth limitations of the op amp and 
feedthrough across the system. 

Figure A2 shows the amplitude response for various 
cutoff frequencies, using Design 2. Again we can see that 
the pass band ripple is less then 0.2dB. The accuracy of 
the cutoff frequency however will vary by about 4.5% 
from the programmed cutoff frequency. Also, it should be 
noted that in using Design 2 stopband rejection will be re- 
duced to about 70dB. This is due to increased noise 
caused by the large value of padding resistance R PA d- This 
can be reduced somewhat by using low noise resistors. 

Figure A3 is a plot of the noise spectrum at the output of 
the filter, using Design 1. The cutoff frequency is pro- 
grammed at 50kHz, and the input is grounded.The largest 
noise component in our system occurs at about 41 kHz and 
has an amplitude of - 54.8dBm* (0.4mV). Since the filter 
is present in a noisy environment, i.e., the board of an IBM 
PC AT/XT or compatible, it is not surprising that there 
should be noise present in the system. In practice, there 
is a minimum input signal level that can be applied to the 

'Measured with respect to 500. 



Figure 6. Flow Diagram Representation of Control 
Algorithm 

filter to achieve a specific Signal-to-Noise Ratio (SNR) in 
the filter's pass band. In this design, using the noise com- 
ponent at 41kHz, an SNR greater than 90dB can be 
achieved by applying input signal levels of greater than 
1.3V rms. 

Figure A4 is a plot of the filter's phase response. The 
phase response of the system determines the Group 
Delay of the filter. 

Group Delay = ^ ^ 

Thus a linear phase response implies a constant group delay. The 
phase response plot shown exhibits some slight nonlinearity. 
This is as expected for a Butterworth filter function. If phase re- 
sponse is an important design consideration, a different filter 
function should be considered, eg., Bessel. (References 1 and 2.) 

PERFORMANCE EXTENSION 

1. The frequency range of this filter can be extended to 
100kHz, using Design 1, by simply replacing the 220pF 
capacitors in each stage by IIOpF capacitors. Stop- 
band attenuation of 85dB and passband ripple of less 
than 0.2dB is achieved over the full range. 

2. A Chebychev response can be achieved by using dif- 
ferent values of R1 and R2 in each stage. R1 and R2 can 
be evaluated by solving Equations (3) and (4) for the 
values of Q given in Figure 8. Figure 8 gives the cutoff 
frequency f 0 and Q for each stage of a 0.2dB ripple 8th 
Order Chebychev Filter. It should be noted that for a 
Chebychev filter the cutoff frequency of each stage is 
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Figure 7. IBM PC A T/XT Digital In terface 
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not the same as the overall filter cutoff frequency, as 
was the case with the Butterworth filter. The remainder 
of the design proceedure is the same as that outlined 
for the Butterworth filter. An IBM Basic program for 
this Chebychev filter is given in Table A2, Appendix 1 . 
This program tunes each individual stage to its particu- 
lar cutoff frequency so that a specified overall filter 
cutoff frequency is achieved. 

3. Programmability over filter type (i.e., Butterworth, 
Chebychev, Bessel, etc.) as well as cutoff frequency 
can be achieved by replacing R1 and R2 of each stage 
by an AD7537. This gives us total software control over 
all the filter parameters. 

CONCLUSION 

Filtering in the analog domain has many inherent advan- 
tages over filtering in the increasingly popular digital 
domain. Analog filtering is a continuous time process 
whereas digital filtering is a sampled data process. Digital 
filters require extensive software routines to implement 
such algorithms as FIR and HR filters. The analog filter util- 
izes digital processing power to control the filter while 
giving analog performance. 


This application note deals with the IBM PCAT/XT or com- 
patible as the digital controller for the analog filter. The fil- 
ter could equally be controlled using any other micropro- 
cessor. Suggested microprocessor interfaces are given in 
the AD7537, AD7547 and AD7549 data sheets. 
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APPENDIX 1 


10 CLS 

20 PRINT "8th-Order Low-Pass Butterworth Filter" 

30 PRINT 

40 INPUT"F0 (kHz) (500Hz .... 48kHz) 

50 F0 = F0*1000 
60 PRINT 

70 INPUT"RDAC(Kohms)(14K TYPICALLY) 

80 RDAC = RDAC*1000 
90 PRINT 

100 INPUT"RPAD(Kohms) (0 FOR DES.1, 100K FOR DES.2) 
110 RPAD = RPAD*1000 
120 PRINT 

130 INPUT "C(pFarads) (220pF FOR DES.1, 22pF FOR DES.2) 

140 C = C*1E-12 

150 REQ= 1/2/22*7/FO/C 

160 N = 4096*(RPAD + RDAC)/REQ 

170 PRINT 

180 PRINT "CODE 

190 N = INT (N) 

200 N1=INT(N/256)' MSB 
210 N2 = N-N1 *256 ' LSB 
220 ADDR = &H300 
230 FOR C - OTO 3 
240 OUT ADDR, N2 
250 OUT ADDR + 1,N1 
260 OUT ADDR + 2,N2 
270 OUT ADDR + 3,N1 
280 ADDR = ADDR + 4 
290 NEXT C 

300 OUT&H310,0 'UPDATE DACS 
310 END 


- " ;FO 

= " ;RDAC 


= " ;RPAD 


= " ;C 


- " ;HEX$(N);"H" 


Table A 1. IBM Basic Program for 8th Order Butterworth Filter 


10 CLS 

20 PRINT "8th-Order Low-Pass Chebychev Filter" 
30 PRINT 
40 INPUT"F0 (KHz) 

50 F0 = F0*1000 
60 PRINT 

70 INPUT"RDAC (Kohms) (14K TYPICALLY) 

80 RDAC = RDAC* 1000 
90 PRINT 

100 INPUT "RPAD(Kohms) (0 FOR DESIGN 1) 

110 RPAD = RPAD*1000 
120 PRINT 

130 INPUT "C(pFarads) (220pF FOR DES. 1) 

140 C = C*1E-12 

150 FOR I =0TO 3 

160 READX 

170 FC = X*FO 

180 REQ = 1/2/22*7/FC/C 

190 N = 4096*(RPAD + RDAC)/REQ 

200 PRINT 

210 PRINT"CODE" ;l;" 

220 N = INT(N) 

230 N1=INT(N/256) ' MSB 
240 N2 = N-N1*256 ' LSB 
250 ADDR = &H300 
260 ADDR = ADDR + 1*4 
270 OUT ADDR, N2 
280 OUT ADDR + 1 ,N 1 
290 OUT ADDR + 2,N2 
300 OUT ADDR + 3, N1 
310 NEXT i 

320 OUT &H310,0'UPDATE DACS 
330 END 

340 DATA 1.02, .878,.623, .343 


= " ;FO 


= " ;RDAC 


= " ;RPAD 

= " ;C 


= ";HEX$(N);"H" 


Table A2. IBM Basic Program for 8th Order Chebychev Filter 
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REF LEVEL /DIV 



100 Ik 10k 100k 1 M 

START 50.000Hz STOP 1 000 000.000Hz 


Figure A 1. Amplitude Response of Butte rworth Filter for 
Various Cutoff Frequencies Using Design 1. 


REF lO.OdBm MARKER 40 986.3Hz 



START 50.000Hz STOP 150 000. 0Hz 

RBW 100Hz VBW300HZ ST 30.0 SEC 


Figure A3. Noise Spectrum of Filter 


REF LEVEL /DIV 

O.OOOdBm lO.OOOdB 



Figure A2. Amplitude Response of Butterworth Filter for 
Various Cutoff Frequencies Using Design 2. 


REF LEVEL / DIV 

O.Odeg 45.000deg 



START 50.000Hz STOP 30 000.000Hz 


Figure A4. Typical Phase Response of Butterworth Filter 
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The Alexander Current-Feedback Audio Power Amplifier* 

by Mark Alexander 


This application note was written by Mark Alexander , 
who received his BSEE from the University of Toronto in 
1981. As a consultant to Analog Devices , Mark describes 
a unique power amplifier topology that is the result of 
his long standing interest in audio power amplifier de- 
sign and critical listening of audio systems. 

The current-feedback approach presented here meets 
the traditional audio requirements of power amplifiers, 
but also adds the additional benefit of very high speed 
and bandwidth (200 V/fis slew rate, 1 MHz bandwidth) 
that results in excellent dynamic performance, and 
hence, sound quality. 

INTRODUCTION 

The subject of power amplifier design is one of those 
controversial areas of audio engineering that continues 
to receive intense debate, despite the fact that there are 
literally dozens of papers available to guide the de- 
signer. Many different topologies have evolved from the 
relatively modest beginnings of solid state power ampli- 
fier design in the late 1950s and early 1960s, and this has 
lead to a few very unique and original designs. A sub- 
stantial number of transistorized amplifiers that were 
built during these early years were little more than rede- 
signs of vacuum tube circuits with lower voltage supply 
rails, and often had performance levels that left a great 
deal to be desired. Quite a few of them sounded signifi- 
cantly worse than their thermionic predecessors. The 
"real revolution" in audio power amplifier design actu- 
ally occurred during the 1970s and introduced such new 
innovations as direct coupling, fully complementary de- 
sign, pseudo Class A biasing, and current dumping; not 
to mention the discovery of the importance of dynamic 
intermodulation distortion testing and its relationship to 
slew rate. Unfortunately, the plethora of so called "new" 
amplifier designs that have proliferated since this period 

"Patent pending. The amplifier described herein is for informational 
purposes only with restricted use and no licenses implied. Readers 
are permitted to construct one stereo amplifier for their own 
personal, noncommercial use. For other uses, contact Analog 
Devices for licensing details. 


are often variations of older circuits that originated dur- 
ing the 1970s, and generally feature only slight modifi- 
cations to the input, output or gain stages. 

Some designers have demonstrated rail-commutated 
output stages, which allow them to improve the operat- 
ing efficiency of a big amplifier to such an extent that the 
huge amount of output transistor heat sinking usually 
necessary is reduced to that of a much lower power 
design. These can suffer from "switch over" distortion 
caused by the output stage switching between different 
supply rails, and can be quite objectionable. Certainly, 
high output power should not be obtained at the ex- 
pense of inferior operating specifications, but this is in- 
deed the case with certain types of amplifiers. Some 
clever design techniques do achieve quite impressive 
performance, however, albeit at the expense of greatly 
increased circuit complexity. Still other amplifiers dis- 
pense completely with the familiar principles of negative 
feedback, and their creators claim that their circuitry 
provides a sound more "open and lifelike," even though 
the distortion performance is usually poor. On the 
whole, though, most audio power amplifiers are essen- 
tially discrete copies of monolithic voltage feedback op 
amps, such as the 4136, but are invariably simplified to 
reduce the transistor count. 

The purpose of this technical note is to introduce the 
audio designer to a truly new power amplifier topology, 
not an adaptation of an existing design, that offers ex- 
ceptional performance on a par with the best of the 
available solid state designs (voltage feedback or other- 
wise). This new topology completely dispenses with the 
principles of global voltage feedback, so commonly 
used in most amplifiers, in favor of a design based in- 
stead on the principles of current feedback. In addition, 
this note addresses many of the important practical as- 
pects of successfully getting a design off the ground, 
aside from choosing the basic core amplifier design. In 
almost all cases, having a good basic amplifier topology 
is not enough to guarantee that the final piece of equip- 
ment will perform to the original design expectations. 
Consequently, additional topics such as board layout, 
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component selection, paralleling output devices, place- 
ment of high current wiring, and thermal design are 
considered as well. 

A LITTLE BACKGROUND ON FEEDBACK 

Before dissecting the new audio amplifier circuit in de- 
tail, some background on the differences in operational 
characteristics between voltage feedback and current 
feedback amplifiers is appropriate. Since it is likely that 
the reader may not have been previously exposed to the 
latter, an overview of voltage feedback followed by a 
look at the advantages of current feedback is necessary. 
This discussion will allow one to understand why cir- 
cuits that make use of this relatively new topology are so 
important. Because the bandwidth of an audio amplifier 
is usually one of the most important specifications, a 
relatively simple equation for the upper -3 dB point is 
essential. Simplifying the current feedback amplifier and 
its attendant feedback network into a representative cir- 
cuit model for nodal analysis provides the key to arriving 
at a compact, but reasonably accurate, expression for 
the frequency response. Appendix A has complete de- 
tails of the circuit analysis. 

The theoretical analysis of a voltage feedback circuit that 
often accompanies its frequent criticism has been well 
described in other works, 1 and thus will not be reiterated 
here. Since the original impetus behind the develop- 
ment of this new power amplifier design was a general 
dissatisfaction with the performance achievable by volt- 
age feedback circuits, some discussion of their disad- 
vantages is worthwhile. This will serve to set the stage 
for the in-depth discussion of current feedback amplifier 
analysis, in Appendix A. Although the analysis section 
can be skipped without disrupting the continuity of this 
note, the reader is encouraged to review it. 

Constant gain bandwidth characteristics, resulting from 
the application of voltage feedback, present a problem if 
one requires reasonably high gain while simultaneously 
achieving wide closed-loop bandwidth. Some very high 
voltage power amplifiers may require gains as high as 
50, for example, plus a bandwidth of several hundred 
kilohertz which obviously means that a gain bandwidth 
product in the range of 10 MHz to 20 MHz is needed. This 
is not easy to achieve, especially in a high voltage de- 
sign. An additional problem with voltage feedback am- 
plifiers is that their slew rate is usually limited by the 
transconductance stage which has a finite maximum 
output current, normally equal to the tail current of the 
differential input transistor pair, available to charge the 
compensation capacitor. High slew rate is very desirable 
in a large-signal audio power amplifier and mandates 
the use of large input-stage tail currents and small com- 
pensation capacitor values. Unfortunately, in the inter- 
ests of amplifier stability, reducing the value of the 
compensation capacitor requires some degeneration of 
the input stage (to reduce its transconductance) which 
thus reduces the open-loop gain. This action reduces the 
loop gain available in the audio band and causes an 
increase in THD products, since it is the loop gain that 


serves to reduce the open-loop amplifier distortion, 
most of which originates in the highly nonlinear output 
stage. What all this boils down to is the fact that a 
difficult trade-off has to be made between stability, 
open-loop gain, and slew rate without compromising 
the overall ac performance and transient response. 
Clearly, a global voltage feedback scheme may not nec- 
essarily be the optimum choice for ultrahigh perfor- 
mance audio power amplifiers, and in some cases it will 
not even be possible to meet all the design goals using 
this topology. 

Current feedback operational amplifiers were originally 
introduced because they overcame the bandwidth varia- 
tion, inversely proportional to closed-loop gain, exhib- 
ited by voltage feedback amplifiers. They still show a 
slight variation of bandwidth, however, as the gain is 
increased above unity, but it is much less significant 
than with the latter. In fact, current feedback amplifiers 
don't begin to behave like voltage feedback amplifiers 
until the closed-loop gain is made quite large (—50). The 
simplified model of a current feedback amplifier in Fig- 
ure 1 shows that it uses a unity gain input buffer whose 
output current is fed, via a bidirectional current mirror, 
into a transimpedance gain stage. The voltage gener- 
ated here is then buffered and fed to the output terminal. 
Typical values for R x are quite high, usually several hun- 
dred kilohms or even a few megohms. R )NV is the output 
resistance of the input buffer, and feedback resistors R-, 
and R 2 set the input-to-output voltage gain in a fashion 
somewhat similar to that of a conventional op amp. 
Here, however, it is an error current I-, that sustains the 
output voltage and not an error voltage. 



Figure 7. The Model of a Current Feedback Amplifier 
Shows that an Error Current , l 1f Determines the Overall 
Output Voltage. 

The concept of a finite gain bandwidth product can also 
be applied to a current feedback amplifier as a measure 
of its performance, although it is only meaningful at 
high gains. Arguably, the most important attribute of 
this topology is that the amount of current available to 
charge the compensation capacitor during output slew- 
ing is proportional to the difference between the actual 
and final output voltages, just like a simple RC circuit. As 
such, there is theoretically no slew rate limit with this 
topology, which makes it very attractive for an audio 
power amplifier. Practical circuit limitations inevitably 
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impose a restriction on the maximum current level that 
can be handled in the gain stage of a current feedback 
amplifier, however, and it is this limiting that gives rise 
to a finite slew rate. Still, the slew rates achievable with 
these types of circuits are often higher by as much as a 
factor of 5 (or greater) than their voltage feedback coun- 
terparts, for a given quiescent supply current. Current 
feedback represents a much more logical choice for a 
power amplifier than voltage feedback, and this will be 
demonstrated. 

POWER AMPLIFIER CIRCUIT TOPOLOGY 

Prior to looking at the actual amplifier circuit, the simpli- 
fied block diagram of Figure 2 will be considered to help 
understand how the overall design works on a system 
level. This will make the final amplifier circuit easier to 
follow. As may be gathered from Figure 2, this is a rather 
unconventional design, in which there are two op amp 
input stages feeding a single gain stage and power out- 
put buffer. By considering this design one block at a 
time, however, it is becomes easier to grasp the way in 
which each of the major sections interacts with one 
another. 


the power supply pins of A-, are used as outputs and its 
output is used as an input. However, this is in accor- 
dance with the model shown in Figure 1 since the output 
current from the input buffer must be fed, via the bidi- 
rectional current mirror, into the transimpedance gain 
stage. It is here that the high output voltage is ultimately 
generated, prior to buffering by the unity gain output 
stage. The half-wave rectification action of A/s output 
current, due to its class AB output stage, causes the two 
current mirrors to receive complementary input cur- 
rents. When At is sourcing output current, it causes a 
corresponding increase in the current of the upper mir- 
ror and a decrease in that of the lower mirror. This 
forces the voltage at the output of the transimpedance 
stage to swing positive. For cases where At is sinking 
current, exactly the opposite is true. A current mode 
gain stage arrangement such as this is fully complemen- 
tary and truly push-pull, which means it should exhibit 
low even-order distortion. Note that the quiescent sup- 
ply current of A n conveniently serves to bias the two 
current mirrors that sit referenced to each power supply 
rail, thus providing an appropriate operating point for 
the transimpedance stage and bias voltage generator. 


The Input Stage 

The input buffer used in this power amplifier is simply a 
conventional voltage feedback op amp chosen for its 
excellent audio characteristics, and reasonably high out- 
put current capability. This ensures that the limiting fac- 
tor in terms of overall amplifier performance will be the 
current feedback gain block and not the input stage. The 
output current from input amplifier At is taken from its 
power supply pins and fed to the emitters of a pair of 
common base cascode transistors that provide regu- 
lated dc voltages for the op amps. At first glance this 
might appear to be a very strange connection, because 


In most commercially available current feedback ampli- 
fiers, the input buffer stage has a gain of unity and is 
generally of an open-loop design. Here, an op amp is 
being used as the input stage instead and thus can be 
configured to provide some gain. This is extremely easy 
to do since it only involves tapping the shunt resistor to 
ground at the output of A v The overall amplifier mid- 
band gain is therefore: 



f?6 + ^7 
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V REF2 >“ 


N-CHANNEL 

IGBT 
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Figure 2. A Simplified Block Diagram of the Amplifier Shows that the Input Amplifiers, A 1 and A 2 , Feed a Common Gain 
Stage and Output Buffer. 
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The Gain Stage and Frequency Compensation 

The outputs of the two current mirrors that are con- 
nected to each supply rail feed an adjustable voltage bias 
generator which provides the necessary bias for class AB 
operation of the complementary MOS-IGBT (Metal- 
Oxide-Semiconductor Insulated-Gate-Bipolar-T ransistor) 
output stage. The bias generator is designed to have 
very low output impedance over the operating fre- 
quency range of the amplifier. Compensation is pro- 
vided by C ci and C C2 ; two capacitors are used instead of 
one to keep the structure of the gain stage symmetrical. 
Unlike the simplified current feedback model shown in 
Figure 1, this design has the compensation capacitors 
returned to the feedback summing node instead of 
ground. This alternate connection has a very beneficial 
effect on the amplifier step response when it is loaded 
by a fairly low value impedance such as a loudspeaker. 

An IGBT emitter follower output stage, such as the one 
used in this amplifier, has a transfer function that con- 
tains two poles and a real zero plus the usual dc gain 
term of slightly less than unity. When the amplifier 
drives high values of load impedance, such as the feed- 
back resistors alone, the two output stage poles are 
quite high in frequency (usually above 20 MHz), and 
contribute little excess phase shift within the amplifier's 
passband. Quite a different situation arises when a load 
is connected to the output of the amplifier. The two 
poles in the output stage now split apart, and the domi- 
nant one becomes sufficiently low in frequency that it 
contributes excess phase shift at lower frequencies 
within the amplifiers' passband. This can cause a consid- 
erable problem if the compensation scheme in Figure 1 
is used since it may result in undesirable ringing on the 
edges of a square wave. The compensation scheme of 
Figure 2 overcomes this problem by inserting a high 
frequency closed-loop zero that tends to make the am- 
plifier more stable. Also, this compensation arrange- 
ment allows the use of smaller capacitors than with the 
original scheme. Appendix A shows the complete re- 
sponse of the amplifier when this alternate compensa- 
tion scheme is used. If we assume that the small signal 
transresistance, R T , is quite high and also that the output 
buffer gain is near unity, then the closed-loop pole and 
zero will occur at frequencies given by: 

fpOLE — 

2tt 

and 


4 TT Rq C c12 (3) 

where C ci2 is the sum of C ci and C c2 . Notice that the 
frequency at which the zero occurs is approximately 
equal to the closed-loop bandwidth multiplied by the 
gain of the current feedback loop, if R )NV is fairly small in 
value. These equations, plus Equation (1), are the neces- 
sary design formulas needed to determine the gain and 
small signal bandwidth of this amplifier. Later on it will 
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be demonstrated that the mathematical theory and ac- 
tual measurements made on the circuit do indeed corre- 
late very well with each other. 

Driver and Output Stages 

This part of the power amplifier design is quite conven- 
tional, relatively speaking, and no attempt was made to 
use error correction or pseudo class A biasing schemes 
to lower the output stage crossover distortion. Since the 
primary design objective for this amplifier was wide 
bandwidth and high slew rate, it was felt that any addi- 
tional circuitry following the transimpedance gain stage 
might degrade the closed-loop stability. Besides, low 
crossover distortion can be achieved by running the 
output transistors at a sufficiently (but not excessively) 
high idling current. A simple double emitter follower 
driver stage, therefore, was chosen to buffer the voltage 
generated by the gain stage and feed it to the gates of 
the power IGBTs. This driver stage is capable of provid- 
ing several hundred milliamps of charging current for 
the IGBT gate capacitances while the output is slewing, 
and is mandatory in a high speed design such as this. 

DC Control Amplifier 

The purpose of this additional input stage is to provide 
an accurate, low drift, dc gain path to the main output 
that is independent of the ac gain path and its poor dc 
characteristics. In the original version of this amplifier, 
expensive precision matched NPN and PNP dual transis- 
tors were used in the two current mirrors, but no dc 
control amplifier was used. It was incorrectly assumed 
that precise matching of the transistors in each mirror 
would result in very low output offset voltage, as long as 
the input buffer had reasonably low input offset voltage 
as well. As it happens, this is not the case with a current 
feedback amplifier. Any mismatch between the two cur- 
rent mirrors results in a finite amount of bias current 
appearing at the output terminal of the input buffer, 
which must flow through feedback resistor R 8 to the 
output. It cannot flow through R 6 and R 7 to ground, 
because the current in these resistors is set only by the 
voltage appearing at the output of the input buffer. The 
output offset voltage, without the dc control amplifier is 
thus: 


Voos - Vies 141 ) + + + 8 + I BIAS R 8 (4) 

Normally, V, os (A-,) can be made quite small by using a 
low offset op amp. Unfortunately, the output terminal 
bias current, l B1AS , can be as large as 100 pA under static 
conditions and even larger if a thermal gradient exists 
between the two mirrors on the power amplifier driver 
board. This can easily lead to an output offset in excess 
of 100 mV, which changes as the amplifier warms up. A 
large offset like this is likely to cause an audible click 
when the relay that connects the loudspeakers to the 
amplifier is energized, and is generally undesirable. 

The solution to these problems is a low frequency servo- 
loop that controls the dc output voltage, independently 
of any low frequency current or voltage fluctuations in 
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the main current feedback gain path. This is facilitated 
by the use of a second low power precision op amp, A 2 , 
that is configured as an integrator with very low cross- 
over frequency (less than 5 Hz). The low crossover fre- 
quency ensures that the integrator will not have any 
effect on the performance of the overall amplifier in the 
audio band. Voltage feedback is applied from the main 
output back to the input of the integrator through resis- 
tors R 10 and R 1V which set the closed-loop dc gain. This 
gain is made equal to that given by equation (1). Since 
A 2 drives a resistor connected to ground, as shown in 
Figure 2, it behaves as an operational transconductance 
amplifier with the output current taken from its power 
supply terminals. This compensating output current is 
then fed to the two common-base regulator transistors 
where it is summed with the signal current from the 
power supply terminals of A v The output current of A 2 is 
thus forced to cancel l B1AS almost exactly because the dc 
gain of the integrator, coupled with the additional gain 
produced by the transimpedance stage, is very high. 
Consequently, the integrating control loop completely 
overrides the current feedback loop at dc and the output 
offset is reduced from that given by Equation (4) to: 

VoOS = Vios\A2 1 (5) 

This means that it can be made arbitrarily small through 
the choice of a low offset amplifier for A 2 . Here the cost 
of an additional op amp is more than offset by not 
having to use expensive matched NPN and PNP dual 
transistors in the current mirrors. 

AMPLIFIER CIRCUIT DESIGN 

The complete circuit diagram for one channel of the 
amplifier is shown in Figure 3, and an accompanying 
parts list is included in Appendix B. This design utilizes 
2 1C op amps, 17 bipolar transistors in the gain and 
driver stages, and at least 2 complementary IGBT power 
transistors from Toshiba in the output stage. These re- 
cently introduced devices are essentially similar to 
power MOSFETs in that they have a very high imped- 
ance input terminal (the gate) and square-law transfer 
characteristics, but are manufactured using a slightly 
modified double diffused MOS process. Unlike power 
MOSFETs, however, they feature consistently higher 
current handling capability for N- and P-channel transis- 
tors of a given die size. This allows one to get by with 
a smaller die size IGBT output stage than one using 
MOSFETs, thus providing a fairly substantial cost sav- 
ings (especially on the P-channel transistors). The driver 
stage in this amplifier can easily accommodate multiple 
pairs of power devices in the output stage, because of 
its high peak current drive capability, but just a single 
pair of 250 V, 20 A IGBTs was used in the version that 
was characterized here. Power supply voltages for the 
driver board and output stage may range from ±20 V to 
±75 V. Most of the components that mount on the com- 
pact driver board, the layout of which is shown in Figure 
4, are quite readily available and inexpensive. 


An input filter with a cutoff frequency of approximately 
2 MHz precedes the input stage. It was included to re- 
duce the potential for RF interference problems, and to 
eliminate the possibility of the amplifier oscillating on 
power-up with the input left floating (something that 
was noticed during the original development of this to- 
pology). The filter is formed by the 100 Cl input resistor 
and 750 pF shunt capacitor. A 100 kCl resistor is con- 
nected to ground at the input of A v and provides the 
necessary dc bias current path to ground if the input is 
inadvertently left open. The overall amplifier gain is set 
by R 6 , R 7/ and R 8 , and substituting the values of these 
resistors into equation (1) yields a figure of 24.087 or 
27.64 dB. If more gain from the circuit is desired, the 
values of R 6 and R 7 should be changed, but their sum 
should be kept approximately equal to 50 Cl so that the 
gain of the current feedback section stays constant (at 
about a factor of 16). By simply swapping the 16.5 Cl and 
33.2 n resistors, for example, the gain of the input stage 
becomes approximately equal to 3, and the gain of the 
overall amplifier increases to a factor of 48.47 or 33.7 dB. 
In fact, the gain of the input stage can be made as large 
as 20 dB before its bandwidth drops below that of the 
rest of the amplifier. 

The references for the two common-base regulator tran- 
sistors (Q-, and Q 2 ), which provide stable supply volt- 
ages for the op amps, are actually two pairs of standard 
NPN bipolar transistors (2N3904s) used as Zener diodes 
(Q 14 through Q 17 ). They are connected in series (with 
their collector leads clipped off) to obtain a net break- 
down voltage of around 15 V for the pair . There really is 
a good reason for using such an arrangement since it 
would obviously be easier to use a 15 V "Zener" diode, 
as opposed to this seemingly more complicated ap- 
proach. In reality, the connection of two bipolar transis- 
tors in this manner exhibits significantly less low 
frequency noise than the 15 V "avalanche" diodes, as 
they are more appropriately called, and is actually more 
cost effective. The composite Zeners are bypassed with 
10 |xF 25 V tantalum capacitors, used mainly for reasons 
of economy and size, which filter out residual noise from 
the diodes as well as the power supply rails. Two resis- 
tors marked R B ias on the circuit diagram (R-, and R 2 ), 
which are connected to each supply, serve to bias Zener 
connected transistors Q 14 through Q 17 and should be 
chosen such that with nominal power supply operating 
voltages (anywhere from 50 to 70 volts) about 1 mA of 
current will flow through them. 

The two Wilson current mirrors connected to each rail, 
and fed from the collectors of d, and Q 2 , are formed 
from a low voltage transistor, a diode and a high voltage 
transistor (2N5551 or 2N5401). They are degenerated 
somewhat with 100 H 1% resistors to improve matching. 
Anti-saturation diodes (D 2 through D 5 ) have been in- 
cluded to prevent storage time problems with the cas- 
code transistors (Q 4 and Q 6 ) in either of the two mirrors 
during clipping, and this results in extremely rapid re- 
covery from overdrive. It should be noted that the onset 
of clipping in the transimpedance stage will occur at 
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Figure 3. The Complete Amplifier Circuit Diagram Shows that Inexpensive Small-Signal Silicon Is Used Throughout to 

Minimize Overall Cost. 



about 2 V from either power supply rail for very small 
overdrive conditions, but hard clipping in this stage will 
actually be dependent on the current limit of the input 
amplifier A v This occurs because, during hard clipping, 
the current summing network connected to the output of 
At is no longer balanced and significant current can flow 
in its output stage. Consequently, the current in the mir- 
rors increases very rapidly up to the value of A/s maxi- 
mum output capability (usually 30 mA to 40 mA), 
causing a corresponding voltage drop across the afore- 
mentioned 100 fl resistors. The effect of this excessive 
current in the mirrors is such that it causes the clipped 
signal to "pull in" slightly from the rails, as the amplifier 
is driven harder and harder into its overload region. It is 
very important not to let the circuit stay in this condition 
for any significant period of time, since the power dissi- 
pation in Qt and Q 2 will increase far beyond their nom- 
inally rated value of a few hundred milliwatts. Peak 
dissipation in these transistors can reach as much as 
1.5 W to 2 W, with typical rail voltages of 50 to 70 volts; 
therefore, very large dc input signals or low frequency 
square waves should be avoided. If these operating con- 
ditions are anticipated, however, clip-on heat sinks for 
Q, and Q 2 are mandatory. 

Frequency compensation in this particular design is pro- 
vided by two 47 pF compensation capacitors that are 
connected to the feedback summing node (C 6 and C 7 ), as 
mentioned previously. This results in a total value of 94 
pF. The reason such a large value of capacitance was 
chosen is quite simple: it completely swamps out any 
nonlinear voltage dependent capacitances that are 
present at the high impedance gain node, resulting in 
constant amplifier bandwidth as the supply voltage is 
varied. Concerns about too low a slew rate, with such 
large compensation capacitors, are usually justified in a 
voltage feedback amplifiers, but here there is as much as 
30 mA of current available to charge them and slew rate 
limiting will not normally be encountered. 

A calculation of the expected frequency response of the 
amplifier is now in order, and can be accomplished quite 
easily by substituting the value of 94 pF for C ci2 , and the 
values of 750 ft for R 8 , 16.5 fl for R 7 , and 33.2 fl for R 6 
into Equation (2). The value for R, NV is a little more 
difficult to determine since we must know a priori what 
the value of the closed-loop output resistance of At is, at 
the overall -3 dB point of the amplifier. The solution to 
this problem actually involves a little bit of circular rea- 
soning, but the motive behind it is rather easy to see. If 
Equation (2) is evaluated initially without considering 
the effect of R INV , a closed-loop bandwidth of 1.12 MHz 
is calculated. Since the effect of a finite R, NV is to lower 
the bandwidth somewhat, a prediction of the final am- 
plifier closed-loop bandwidth will allow an initial guess 
for this parameter to be made. In this case a prediction 
of a final closed-loop bandwidth of 1 MHz is made. If we 
now take the open-loop output resistance of A n from its 
data sheet (about 70 fl) and divide it by one plus the 
value of its loop gain at the predicted -3 dB point of 1 
MHz (about 7.68), a value of 9.11 fl is obtained. When 


this estimate for R, NV is included in Equation (2), an 
overall closed-loop bandwidth of 1.034 MHz is the final 
result. This is really very close to the original guess of 1 
MHz, and it seems that no further iteration will be nec- 
essary to get closer to an acceptable answer. It should 
now be plainly apparent that extraordinarily wide 
closed-loop bandwidth seems rather easy to come by in 
a current feedback power amplifier, even when the com- 
pensation capacitors are quite large. For this reason, 
careful board layout and wiring techniques are of tanta- 
mount importance in actually getting a design such as 
this to work properly without oscillating. 

The output stage bias voltage generator, connected be- 
tween the collectors of Q 4 and Q 6 , is formed from a 
programmable shunt regulator (D 7 ), with an NPN 
emitter-follower buffer (Q 5 ) driving its control input. This 
buffer is not normally required in most applications be- 
cause the control input bias current of D 7 (a TL431) is 
only a few microamps, but it is included here for thermal 
compensation of the output stage idling current. A com- 
mon problem with biasing output stages that use verti- 
cal DMOS devices (MOSFETs and IGBTs) is that at 
moderately low current levels, the decrease in V TH of 
approximately 3 mV/°C causes the collector current to 
increase for a fixed gate-to-emitter bias voltage. If tran- 
sistor Q 5 is securely mounted on the same heat sink as 
the power IGBT output stage, its V BE will decrease as the 
output transistors heat up. This decrease in V BE of about 
2 mV/°C, which is multiplied up in the bias generator by 
approximately a factor of three, thus helps to stabilize 
the quiescent current in the IGBT output stage. A form-C 
relay can also be included across the 50 kft bias adjust- 
ment pot (VRt), as shown, to allow the amplifier to be 
powered up with zero bias voltage on the output transis- 
tors. This feature, when used in conjunction with resis- 
tive surge protection schemes for the main filter 
capacitors (and bridge rectifiers) during power up, will 
prevent any static voltage drop across the current limit- 
ing resistor due to the amplifier class AB idling current. 

Some means must be provided, as well, to protect the 
output transistors from any condition that could cause 
their gate-to-emitter voltages to exceed the maximum 
allowed value of ±20 V. Thus, Zener diodes D g and Di 0 
are connected from either side of the bias generator to 
the main output, and prevent the voltage seen between 
the gain stage and the emitters of the IGBTs from ex- 
ceeding more than about 12 V. 

The IGBT output stage is operated in a complementary 
emitter-follower configuration running at an idling cur- 
rent of about 100 mA, and series gate resistors R 23 and 
R 26 are included to limit the frequency response. This 
mitigates any tendency, in the fairly wideband output 
stage, towards parasitic oscillation. Current in the output 
stage is sensed across two low value resistors, R 24 and 
R 25 , connected in series with the emitters of the IGBTs. 
As the voltage drop across either of these two resistors 
increases towards 0.7 V, Qt 2 or Qt 3 will begin to conduct 
current away from the gain stage and thus limit the 
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output voltage. This is a convenient way to limit the 
current in the output stage to a safe value. Emitter de- 
generation resistors (10 Cl ) must be used in conjunction 
with the two limiter transistors, Q 12 and Q 13 , because 
this circuit has quite a bit of gain when active and tends 
to oscillate slightly at high frequencies. Since these tran- 
sistors must sink or source all the current from the tran- 
simpedance stage (up to the current limit of AJ when 
the output current is being limited, the voltage across 
the 10 Cl resistors will increase slightly as the amplifier is 
driven into hard limiting. This causes a corresponding 
increase in the actual value of limited current, resulting 
in a somewhat "soft" limiting curve. 

Of course, current limiting alone is not enough to guar- 
antee power transistor integrity if short circuits to 
ground at the output are anticipated. This results from 
the fact that excessive power dissipation in the output 
stage will still occur if the current limit is set fairly high 
(actually a very desirable attribute in a modern ampli- 
fier). Fusing the power supply feed to the output stage 
will usually be necessary for protection of the power 
transistors. 

PRACTICAL CIRCUIT CONSIDERATIONS 

It is often mistakenly assumed that once a respectable 
topology has been chosen for a power amplifier, it is a 
simple task to construct a completed unit that meets all 
the original design goals. In fact, getting the physical 
details of an amplifier's construction properly sorted out 
can be just as time consuming as the actual design of 
the driver electronics themselves. 

Circuit Board Layout 

This is probably one of the most critical elements for a 
wide bandwidth audio power amplifier. The key to good 
board layout for this design is to keep trace lengths to an 
absolute minimum wherever possible, and to keep the 
overall layout very small in physical size. Figure 4 shows 
the layout of the board used to characterize this new 
topology, and as can be seen, the component packing 
density is reasonably high -it measures less than 9 cm 
on a side. The layout of the driver board actually follows 
the amplifier circuit diagram fairly closely in orientation, 
since it was begun on the left hand side where the input 
stage resides, and finished on the right where the output 
stage drivers are located. 

Power supply busses travel along the top and bottom 
edges of the board, thus providing a convenient means 
of picking off power for the various stages. The two 
polyfilm bypass capacitors on the board actually have 
their own ground return paths that are independently 
isolated from the signal ground bus near the input stage. 
This may seem a like a subtle refinement, but on the 
original layout the bypass capacitors shared the same 
ground bus as the input stage, and strange low level 
oscillations were noticed on the first prototypes. It 
turned out that the oscillation was occurring as a result 
of the discharging of the bypass capacitors into the 
driver transistors (and ultimately the gates of the output 



a. Topside Silkscreening 




c. Bottomside Layout 

Figure 4. A Compact Driver Board Contains All Amplifier 
Circuitry Except the IGBT Output Stage. 
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transistors) due to an initial perturbation in the circuit. 
This initial disturbance eventually lead to a self sustain- 
ing relaxation oscillation (of a few hundred hertz) be- 
cause the ground bus surge, as the capacitors were 
discharging, was sufficiently large so as to be coupled 
back into the input stage of the amplifier. The improved 
layout of Figure 4 does not exhibit this anomaly. 

Critical Component Selection 

Some of the resistors in this design require great care in 
their selection, since the wrong type of resistive element 
will lead to unexpectedly poor performance. In particu- 
lar, the 750 Cl feedback resistor R 8 should be an over- 
sized completely noninductive metal film power resistor 
with a dissipation rating of at least 2 W (remember that 
the peak current in this component may be as high as 75 
mA). Failure to use a resistor with a high enough power 
rating will very likely lead to thermal modulation of the 
actual resistance value and a corresponding increase in 
overall amplifier intermodulation distortion when large 
low frequency input signal components are present. Ad- 
ditionally, a low temperature coefficient of resistance is 
very desirable for this part. The current sensing resistors 
in the output stage (R 24 and R 25 ) should also be of the 
low or noninductive variety. Since the short rise time of 
the amplifier (approximately 350 ns) means that a large 
di/dt in the load, and hence these resistors, can occur, 
any excessive inductance will cause the voltage across 
them to increase during fast edge transitions thus caus- 
ing premature current limiting. 

Input amplifier A 1 plays a significant role in the overall 
performance of the amplifier, it must possess all the 
desirable characteristics of a good line level audio op 
amp (namely low distortion, high slew rate and wide 
gain bandwidth product), plus it must have good output 
current capability as well. The SSM2131 BiFET audio op 
amp with a GBW of 10 MHz and slew rate of 40 V/(jls 
more than meets the requirements for this design. Also, 
amplifier A 2 in the integrating dc control stage must 
have very low input offset current in addition to low 
offset voltage. This is because 1 MO resistors are used, 
in series with its input pins, to obtain the long time 
constant needed in this stage. Too large an input offset 
current would cause a sufficiently large differential dc 
error to appear across these resistors (many mV) and it 
would render a low input offset voltage op amp totally 
useless. The OP-97 adequately satisfies these require- 
ments with an input offset current of only 30 pA and 
offset voltage of 30 jxV. 

Paralleling Output Transistors 

This is an extremely important topic because most am- 
plifiers will use more than one pair of output transistors 
per channel, so that low impedance loads can be accom- 
modated without the output stage self-destructing. 
Since the maximum power dissipation in the output 
stage increases with decreasing load impedance, it is 
desirable to ensure adequate static and dynamic current 
sharing amongst all the output transistors. This will min- 
imize the junction-to-case temperature rise in any one 


output device. Power MOSFET output stages can be 
effectively made to share current by means of tight ther- 
mal coupling between all transistors, and through the 
inclusion of appropriately valued series source- 
ballasting resistors. There is no reason to believe that 
power IGBT output stages, with their very similar square 
law transfer characteristics, will behave any differently if 
the same techniques are employed. 

Typically for best current sharing in a MOSFET output 
stage, the value of the source resistors should be 
>>1/gm of each transistor over its desired drain current 
range. Since the transconductance is lowest at the out- 
put stage quiescent point, using this value of gm should 
guarantee sharing over the full output current range. 
Unfortunately, in practice this may lead to rather large 
resistance values and correspondingly large voltage 
drops when high values of load current are being deliv- 
ered. A better solution is to do a limited amount of 
prescreening on the N- and P-channel IGBTs to eliminate 
any devices with larger than average characteristic devi- 
ations in V TH and gm (at the idling point). Once this is 
done, it becomes feasible to use series emitter resistors 
in the range of 0.2/gm to 0.5/gm, which will help to 
minimize the voltage drop. For the Toshiba IGBT output 
devices used in this design, the typical gm at an emitter 
current of around 100 mA is close to IS. For example, if 
an eight transistor output stage is needed that must 
have a total idling current of 400 mA, series emitter 
resistors in the range of 0.2 (I to 0.5 H are acceptable 
along with some limited screening of the output transis- 
tors prior to installation. 

Wiring Techniques 

Some amplifier designers relegate power supply and 
output terminal wiring to the lowest level of the design 
phase. However, since these wires may carry large pul- 
sating currents with a harmonic content well above the 
audio band, it pays to devote some attention to this task. 
Wiring is probably one of the most critical things that 
must be accomplished successfully, if the final design is 
to get anywhere close to the performance measured on 
a prototype breadboard (where the wires are normally 
quite short). Usually the layout of the power supply 
wiring is not particularly well controlled, but some very 
simple rules should be observed that will maximize the 
likelihood of success at first power up. 

One of the most important rules in wiring layout is to 
use twisted pairs for the forward and return currents 
paths in any loop. This minimizes the series inductance 
of the conductors, since inductance increases with cross 
sectional loop area. Thus all power supply wires from 
the filter capacitors to the amplifier output stage(s) (and 
driver boards) should be twisted together, as shown in 
the system connection diagram of Figure 5. Fuses are 
placed in series with the power rails to protect the out- 
put stage in the event that an accidental short circuit in 
the load occurs. They should be of the fast blow type, 
and must be rated appropriately so that they will not 
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Figure 5. A Power Wiring Scheme Requires Proper Attention to Detail If Low Distortion Is to Be Achieved. 


open up under peak output power levels. The wires that 
run from the output stage to the loudspeaker connectors 
should also be twisted together, as shown, to minimize 
their inductance. All interconnections between the driver 
boards and their respective output stages should be kept 
very short, in the interests of closed-loop stability. The 
series gate resistors for the IGBTs should be connected 
directly at the package terminals of these devices. 

These tips are all a definite step in the right direction, but 
there is something else to consider that is decidedly not 
obvious. Since the positive and negative supply leads 
which feed the output stage(s) have half-wave rectified 
current waveforms, as shown in Figure 6, the harmonic 
current (occurring at even multiples of the fundamental 
output frequency) circulates in the loop formed between 
the power supply capacitors and the output transistors 2 . 
If there is any mutual inductance between these power 
supply leads and the output terminal loop, after the 
point at which negative feedback has been extracted, 
even order distortion components can be induced in the 
output that cannot be attenuated by the feedback action 
of the amplifier. For a typical amplifier with R L = 8 H and 
sinusoidal excitation, then at an output frequency f = 
10 kHz, the induced second harmonic component in the 
output loop will be approximately 0.33% per |xH of mu- 
tual inductance. It should be noted that the magnitude of 
the induced distortion components is proportional to the 
output frequency (i.e., they get larger as the frequency 
goes up), which can be minimized by keeping the power 
input and speaker wiring runs perpendicular to each 
other. Thus the output transistors should be physically 


connected to the power supply feed and output terminal 
cabling as shown in Figure 7. This approach minimizes 
the mutual coupling between the power input and out- 
put paths of the amplifier. 

Heatsinking and Thermal Considerations 

Heatsink selection should never be underestimated be- 
cause it is one of those critical areas that, if neglected, 
will inevitably result in damage to the output transistors 
from excessive junction temperature. In most class AB 
power amplifiers, the total dissipation in the output 
stage is split equally between the two banks of output 
transistors (the N-channel units and the P-channel units). 
An equation that relates the power supply rail voltage 
and load impedance to the total maximum output stage 
power dissipation, under sinusoidal excitation, is given 
by: 


P diss {max) = 


2Vcc 2 

tt 2 |Z/Jcos0 


( 6 ) 


where 0 is the phase angle of the load. As an example, 
consider the case of an amplifier with a two transistor 
output stage powered by ±60 V rails, and loaded by an 
impedance of 8 Cl with a phase angle of +30°. Under 
these conditions the maximum dissipated power will be 
105.3 W. The Toshiba N- and P-channel IGBTs are rated 
for 180 W dissipation at a T c of 25°C, but this is derated 
to zero at a T c of 150°C. The junction-to-case thermal 
resistance (R e j C ) for these transistors is calculated by 
dividing the total difference in case temperature change 
(125°C) by that of the total change in power dissipation 
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Figure 6. Harmonic Currents in a Power Amplifier Circulate Between the Supplies and the Class AB Output Stage. 
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Figure 7. The Preferred Output Stage Layout and Component Placement 

(180 W). This results in a figure of 0.694°C/W. Since the would have been lower by a factor of two and a smaller 

total power dissipated in the output stage is split equally extrusion could have been used for the heatsink. Thus 

between the two transistors, the effective R eJC is equal there is a limited trade-off that can be made between the 

to 0.694/2 or 0.347°C/W. To ensure that the output stage number of transistors and the size of the output stage 

transistors do not reach their maximum allowed junc- heatsink, for a given power supply rail voltage and load 

tion temperature of 150°C, the total thermal resistance impedance, 

from junction-to-ambient (assuming T A = 25°C) must 

not be greater than 125°C/105.3 W or 1.19°C/W. When MEASURED PERFORMANCE 

the junction-to-case thermal resistance of the total out- Table I provides a synopsis of the overall performance of 

put stage is subtracted from this number, we are left the current feedback power amplifier using the new 

with the net allowed case-to-ambient thermal resistance complementary IGBT output devices. Although this de- 

(R eCA ) °f 0.843°C/W. This value includes any thermal sign does not achieve astoundingly low distortion levels 

resistance due to the insulating washers that must be typical of more complex topologies that employ linear- 

used to prevent the transistors from making electrical ization schemes in the output stage, the measurements 

contact with the heat sink (often as much as 0.3°C/W per made show that the THD and IMD generated by this 

insulator). Thus in reality, some allowance for the inter- circuit are still respectably low. Figure 8 shows that the 

face materials must be made in the choice of the final overall harmonic distortion at 50 W output into an 8 Cl 

extrusion which will provide heatsinking for the power load is a minimal 0.001% at 1 kHz, rising to just under 

transistors. In the example here, a large finned heatsink 0.009% at 20 kHz. This is a particularly good result con- 

with a sink-to-ambient thermal resistance (R eSA ) of sidering that only one pair of output transistors has 

around 0.69°C/W is required. Of course, had two pairs of been used. Also, no low-pass LR isolation network has 

transistors been used in the output stage, the net R eJC been used in series with the output that would tend to 
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attenuate the high frequency harmonics. This would ar- 
tificially improve the amplifier performance in the vicin- 
ity of 20 kHz, and was deliberately excluded. SMPTE 
intermodulation distortion for 60 Hz and 7 kHz mixed 4:1 
is plotted in Figure 9 as a function of the rms input level 
and, as the curve indicates, it is extremely low being just 
0.0004% at 41.7 W into 8 ft (0.92 V rms input). The 
absence of any significant upward slope in the curve of 
Figure 9, except where the amplifier is entering its over- 
load region at about 0.95 V rms input, indicates a lack 
of thermal modulation effects on the 750 ft feedback 
resistor. 



Figure 8. Amplifier THD Is Below 0.009% Throughout the 
Audio Band When Delivering 50 W to An 8 ft Load. 



Figure 9. SMPTE Intermodulation Distortion (60 Hz/7 kHz 
4:1 , 40 W into 8 O) Is Exceptionally Low , Reaching 
Almost 0.0002% Before Rising as the Amplifier Enters its 
Overload Region. 


Table 1. Summary of Amplifier Performance 
(Vsupply = ±40 V, Current Limited to 2.5 A Average 
Per Rail, R L = 8 ft) 


Sine Wave Power Output 


(Voltage Limited) 

70 W 

Total Harmonic Distortion at 1 kHz 
Total Harmonic Distortion at 20 kHz 

0.001% at 50 W 

(Depends Strongly on Idling 
Current Level in Output Stage) 

0.009% at 50 W 

SMPTE Intermodulation Distortion 
Dynamic Intermodulation Distortion 

0.0004% at 41 .7 W 

(DIM-100) 

0.0012% at 50 W 

Frequency Response (-3 dB) 

DC to 1 MHz 

Slew Rate 

>200 V/|xs 

Rise Time (Input Filter in Circuit) 

400 ns 

Total Quiescent Supply Current 

130-150 mA 


Static distortion measurements aside, what does put the 
current feedback topology into a class of its own is the 
dynamic performance. High slew rate is always critical in 
any large signal amplifier design, but proper waveform 
control during the reproduction of a square wave is just 
as important. Because of the nature of the gain stage 
arrangement in this amplifier, slew rate limiting occurs 
at a very large rate of change (typically 250 V/jjls). Most 
normal program material is unlikely ever to cause slew 
limiting in this amplifier, even with large output swings. 
Consequently, the value measured for the DIM-100 dy- 
namic intermodulation distortion test is a very low 
0.0012% at 50 W output into 8 ft, as shown in Figure 10. 



Figure 10. Low DIM-100 Transient Intermodulation Dis- 
tortion (3. 15 kHz/15 kHz 4. 1, 50 W into 8 fl) Results from 
the Clean Transient Response. 
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This is the lowest value of DIM-100 distortion that the 
author has ever seen reported for a solid-state power 
amplifier. In numerous listening tests, the "fast" sound 
of this amplifier and its tight LF performance have been 
commented upon. The large signal step response of the 
amplifier into an 8 fl load at 100 kHz is shown in Figure 
11, and the no load response with an 80 V p-p square- 
wave at the output is shown in Figure 12. Either photo- 
graph reveals that the amplifier is inherently stable and 
exhibits no trace of overshoot on fast edges. 



Figure 11. The Amplifier Exhibits Minimal Overshoot 
When Driving a High Frequency Square Wave into an 
8 O Load. 

Finally the frequency response, as shown in Figure 13, 
does indeed verify the somewhat overbearing calcula- 
tions done earlier and proves that the closed-loop band- 
width extends all the way out to 1 MHz. Such a wide 
frequency response is definitely overkill for any audio 
power amplifier (200 kHz-300 kHz is probably more than 
adequate), but it does show what is achievable with a 
modern design. 



10 100 Ik 10k 100k 1M 10M 


FREQUENCY - Hz 

Figure 13. The Small-Signal Frequency Response Does 
Indeed Extend All the Way Out to 1 MHz , as Predicted by 
the Calculations. 

CONCLUSION 

Once in a while a new design comes along that offers a 
different way of doing an old job. The amplifier that has 
been presented here offers an evolutionary approach to 
the task of driving a loudspeaker. When proper attention 
is paid to all the details (and some of them are nontrivial 
indeed), current feedback amplifiers can offer superior 
sonic performance to all known topologies. 
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Figure 12. A Large Signal Square Wave at 100 kHz 
Shows that the IGBT Output Stage Is Inherently Stable 
Even Without a Load. 
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APPENDIX A: FREQUENCY RESPONSE OF CURRENT 
FEEDBACK AMPLIFIERS 

To derive the input-to-output transfer function of a cur- 
rent feedback amplifier, the representative model shown 
in Figure 14 must be analyzed. Instead of a differential 
input stage, this topology utilizes a unity gain input 
buffer, driving a low impedance current summing node, 
which forces the inverting terminal to be at the same 
potential as the noninverting input. A nonzero input 
buffer output resistance, R )NV , is shown in series with 
the inverting terminal and must be included in the anal- 
ysis of closed-loop gain versus frequency. Neglecting 
this resistance is a common oversight in simplified anal- 
yses, and leads to a transfer function that will not show 
any bandwidth variation with gain at all. Feedback is 
applied from the main amplifier output back to the in- 
verting terminal through the current summing network 
that comprise of and R 2 . 



Figure 14. 


The action of the input buffer is to force a finite current 
to flow through R-, that must be balanced by an almost 
exactly equal but opposite current in R 2 . Any difference 
between these two currents is an error current that flows 
into or out of the low impedance inverting terminal. This 
error current (as opposed to an error voltage in a con- 
ventional operational amplifier) is then mirrored and fed 
into a transimpedance stage, consisting of R T and Cc, 
where current-to-voltage conversion takes place. The 
voltage generated here is buffered by another unity gain 
stage and is fed to the main amplifier output. Because 
the value of the small signal transresistance, R T , is very 
high (normally several megohms) only minute error cur- 
rents are needed to change the voltage at node 2 by 
several volts. Consequently, the amount of current that 
must flow into or out of the inverting terminal under 
steady state conditions is extremely small. The feedback 
network, even though it consists of fairly low value 


resistors, therefore presents a very light effective load 
on the output of the input buffer. To derive a transfer 
function for this amplifier, nodal equations must be writ- 
ten for nodes 1 and 2, and then combined in an appro- 
priate way to obtain the final result: 



This relationship is actually very similar to that of a 
voltage feedback amplifier, and it can be seen that the dc 
closed-loop gain is nearly equal to 1 + R 2 /R-, (assuming 
that the product R T A BUF is also reasonably large). The 
low frequency gain term is something with which most 
users of 1C op amps should already be familiar. At a first 
glance the frequency dependent term might seem to be 
quite similar to that of a voltage feedback amplifier, but 
it is in fact very different. This can be seen more easily if 
the expression for the closed-loop pole frequency is 
written down: 


fpoLE = ’ 


2 tt( R 2 + 



( 8 ) 


Interestingly, this result shows that the pole frequency 
now depends predominantly on the value of feedback 
resistor R 2 and the input buffer output resistance R 1NV 
multiplied by the closed-loop gain. Normally the value of 
R, nv is made as low as possible to minimize the change 
in pole frequency with gain, and is typically less than 
one tenth that of the minimum recommended feedback 
resistor value. At high gains, as mentioned before, the 
closed-loop bandwidth starts to become inversely pro- 
portional to the gain because the term in the denomina- 
tor of Equation (8) due to R, NV starts to become 
dominant. The gain bandwidth product is thus: 


GBW 


Abuf 

2 it R, nv Cc 


(9) 


The gain of the output buffer, A BUF , also plays its part in 
determining the closed-loop pole frequency. As the 
main amplifier output is loaded, this gain drops well 
below unity, and causes a reduction in closed-loop 
bandwidth as dictated by Equation (8). This actually 
tends to make the amplifier more stable since the high 
frequency nondominant poles contribute less additional 
phase shift at the lower closed-loop -3 dB point. In fact, 
many commercial current feedback amplifiers show sig- 
nificant gain peaking with light loads, and don't begin to 
behave acceptably until loaded fairly heavily. Another 
thing to remember is that the minimum recommended 
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value for feedback resistor R 2 must be strictly adhered 
because too low a value will result in an excessively high 
closed-loop pole frequency. This can result in severe 
gain peaking due to the higher order poles becoming 
more dominant, and is especially a problem at low gains 
when the multiplicative effect of R, NV on the closed-loop 
pole time constant is minimal. 

During early development of the current feedback power 
amplifier it was noticed that instability appeared on the 
edges of square waves, using the ground referenced 
compensation scheme. Some experimentation revealed 
that connecting the compensation capacitors to the 
feedback summing node made the instability disappear. 
An analysis of the amplifier response using this new 
arrangement was undertaken, since something must 
have changed to make it more stable. Indeed, when the 
compensation capacitors are returned to the feedback 
summing node instead of ground, the transfer function 
of the circuit changes quite significantly. This modified 
compensation arrangement also allows one to get by 
with smaller capacitors than before, but without com- 
promising closed-loop stability. To see this, the current 
feedback model must be analyzed again but this time 


the compensation capacitor C c 
ming node instead of ground: 


is returned to the sum- 


*2 + M + 


RtAbuf 


f) Rm 


— R/nvCc 


The major difference between Equations (7) and (10) is 
the appearance of a zero in the numerator determined 
by the parallel combination of R, and R 2 , and some 
additional terms in the denominator. The zero tends to 
partially cancel the second pole of the amplifier due to 
the IGBT output stage, resulting in greatly improved 
stability. Probably the most interesting thing to notice 
about Equation (10) however, is that the R 2 C c time con- 
stant is now multiplied by a factor of two instead of unity 
as before. Since it is this time constant that predomi- 
nantly determines the closed-loop pole frequency, the 
original compensation capacitor value can thus be 
scaled down by a factor of one half. 
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APPENDIX B: AMPLiFiER COMPONENT LiST FOR A SiNGLE CHANNEL 


Integrated Circuits 

SSM-2131P BiFET Audio Op Amp 
OP-97FP Precision DC Op Amp 
TL431CP Programmable Shunt Regulator 

Transistors 

2N3904 NPN, 40 V (4 Are Used as Zener diodes) 
2N3906 PNP, 40 V 

2N5401 PNP, 150 V (or 2SC2682 from NEC) 
2N5551 NPN, 160 V 
MPS-U10 NPN, 300 V 1 
MPS-U60 PNP, 300 V 2 

GT20D101-Y N-CHAN IGBT 250 V, 20 A (Toshiba) 
GT20D201-Y P-CHAN IGBT 250 V, 20 A (Toshiba) 

Diodes 

1N914 100 V, 100 mA Small Signal Diode 
1N5242B 12 V, 500 mW Zener Diode 
1N4938 200 V, 100 mA Low t RR Diode 
MR822 200 V, 5 A Low t RR Rectifier 


Quantity Designator 


1 

1 

1 

7 

2 

3 

3 

1 

1 

1 

1 

9 

2 

2 

2 


At 

A 2 

d 7 


Q 5 , Q 7 , Q 12 , Q 14 — Q 17 

U 3 , Q-13 

^2' ^4' Q9 

Qv ^6' ^8 

QlO 

Oil 

^18 

Ql9 


D v D 2 , D 5 , D 6 , D 8 , D-,-,, 
Dg, D 10 

U 3 , d 4 

^15' D 16 


Resistors 


(All Values Are in Ohms, and Are 1/4W 1% Metal Film Unless Otherwise Specified) 


0.05 ft, 3 W, 5% Noninductive (Shallcross LO-3 Series) 

2 

^24' ^25 

10.0 

2 

Rl9' ^20 

16.5 

1 

r 7 

33.2 

1 

^6 

100 (2 Are Used as Gate Resistors for the IGBTs) 

7 

R 3 ' R 1 3 R 1 < 

249 

1 

R 22 

499 

1 

Rio 

750, 2-5 W, 1% Noninductive Metal Film 

1 

r 8 

4.99 k 

1 

R-12 

10.0 k 

1 

R 2 1 

11.5 k 

1 

Rll 

16.9 k 

1 

Rl7 

24.9 k 

1 

R-18 

100 k 

1 

R4 

1.00 M 

2 

R 5 ' R 9 

R B i AS (49.9 k with ±65 V Power Rails) 

2 

R v R 2 

50 kft Multiturn Trimpot (Helitrim 68WR503 or Equivalent) 

1 

VR, 


^26 


Capacitors 

47 pF 5% Silvered Mica (or Ceramic) 200 V 2 

750 pF 5% Silvered Mica (or Ceramic) 200 V 1 

0.1 |xF 10% Ceramic or Mylar 63 V 4 

1 ptF 10% Ceramic 100 V 1 

2 |xF 10% Polyfilm 100 V (Electrocube 230B1B205K) 2 

10 |jlF 10% Tantalum Electrolytic 25 V 3 

2 to 10 |xF 10% Polyfilm 100 V 2 

220 or 330 (jlF 10% Aluminum Electrolytic 100 V 2 


C 6 , ^7 

C 3 

C 4 , C 5 , C 8 , C 10 

Cn 

C-12' ^13 
Ci, C 2 , C 9 
C-16' C 17 
Ci 4 , C 15 


Miscellaneous: 

Form-C Reed Relay (Coto 2211-12-300) 1 

Thermalloy 6100B Heatsink for the Driver Transistors 2 

Extra Large Finned Heatsink for the IGBT Output Stage 1 
Insulating Pads for the IGBTs 2 

5-Pin Molex Header 0.156 Inch Pin Spacing 1 

7-Pin Molex Header 0.156 Inch Pin Spacing 1 

3-Pin Molex Header 0.100 Inch Pin Spacing 1 

Right Angle RCA Jack 1 

Amplifier evaluation PC Board 3 1 


K, 


1 First choice substitution is NEC 2SC2682; second choice Toshiba 2SC2238B. Note correct pinouts. 
2 First choice substitution is NEC 2SA1142; second choice Toshiba 2SA968B. Note correct pinouts. 
^Available to qualified OEMs. Contact local ADI sales office for details. 
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□ ANALOG AN-212 

DEVICES APPLICATION NOTE 

ONE TECHNOLOGY WAY • P.O. BOX 9106 • NORWOOD, MASSACHUSETTS 02062-9106 • 617/329-4700 


Using the AD834 
in DC to 500 MHz Applications: 
RMS-to-DC Conversion, Voltage-Controlled 
Amplifiers, and Video Switches 

by Mark Elbert and Barrie Gilbert 


INTRODUCTION 

The AD834 is the fastest four quadrant multiplier avail- 
able, having a useful bandwidth of 800 MHz, compared 
to the 60 MHz bandwidth of the AD539 two-quadrant 
multiplier, the 10 MHz bandwidth of the AD734 four- 
quadrant multiplier, or the 1 MHz bandwidth of the 
industry-standard AD534 four-quadrant multiplier. Its 
monolithic construction and high speed makes the 
AD834 a candidate for such HF applications as balanced 
modulation-demodulation, power measurement, gain 
control, and video switching, at frequencies that were 
previously beyond the scope of analog multipliers. 

The AD834 does not sacrifice accuracy to achieve its 
speed. In common with all of the Analog Devices multi- 
pliers, laser trimming is used during manufacture to null 
input and output offsets and to establish precise scaling. 
In typical applications the total static error can be held to 
less than ±0.5%. 

It is available in 8-pin plastic DIP, SOIC, and ceramic 
packages for the commercial, industrial, and military 
temperature ranges and operates from ±5 V supplies. 

The main challenge in using the AD834 arises from its 
current-mode output stage. In order to maintain the 
highest possible bandwidth, the AD834's outputs are in 
the form of a pair of differential currents from open 
collectors. This is an inconvenience when a more con- 
ventional ground-referenced voltage output is needed. 
Thus, this application note discusses methods for the 
accurate conversion of these currents to a single-sided 
ground-referenced voltage. 

These applications include a wideband mean-square de- 
tector, an rms-to-dc converter, two wideband voltage- 
controlled amplifiers, a high-speed video switch, and 
transformer-coupled output circuits. These applications 
provide the user with a complete and proven solution, in 
many cases including recommended sources for critical 
components. 


OVERVIEW OF THE AD834 

The AD834, shown in block schematic form in Figure 1, 
is the outcome of Analog Devices' continuing dedication 
to high-accuracy analog signal processing. In particular. 


X2 XI +V S W1 



Y1 Y2 -Vg W2 


Figure 1. AD834 Block Diagram 

it incorporates the experience gained in twenty years of 
manufacturing analog multipliers. The part is con- 
structed on a 3 GHz epitaxial bipolar transistor process 
using laser-trimmed thin-film resistors. Attention to 
many subtle details has resulted in unusually low distor- 
tion and noise. Figure 2 shows a more detailed, but still 
simplified, circuit schematic. 

The X- and Y-inputs are applied to high-speed voltage- 
to-current (V/l) converters, having a transresistance of 
285 fi and a small-signal input resistance of about 25 kft. 
The full-scale input voltage is ±1 V for both inputs. The 
input bias currents are typically 45 |xA. Therefore, the dc 
resistance seen by both inputs of a differential pair must 
be equal to minimize offset voltages, just as for an op 
amp. Resistors at the inputs also minimize the risk of 
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Figure 2. Simplified AD834 Schematic 

high frequency oscillations. The V/l converters have a 
common-mode range of ±1.2 V, using the recom- 
mended supply voltages. Within that range, the differen- 
tial inputs exhibit a common-mode rejection of 70 dB, 
conservatively specified for f < 100 kHz. Even-order dis- 
tortion in the V/l converters is inherently low, while dis- 
tortion cancellation circuitry is included to reduce odd 
order nonlinearity to typically ±0.05%. 

The multiplier core is a well-known translinear circuit. 
The translinear principle [Ref. 1] exploits the precise log- 
arithmic relationship between the base-emitter voltage 
(V BE ) and collector current (l c ) of a bipolar transistor. The 
input and output signals of translinear circuits are al- 
ways in current form. Voltage swings at the internal 
nodes are very small, so that parasitic junction capaci- 
tances do not have to be charged and discharged, a 
common cause for bandwidth reduction and slew-rate 
limiting. Thus, translinear multiplier cells are inherently 
fast; they are also readily implemented in monolithic 
form. However, they can introduce distortion if not care- 
fully designed. 

This distortion is due primarily to emitter area mis- 
matches and ohmic resistances in the core transistors 
(Ref. 2). Using the traditional convention in naming the 
channels, as shown in Figure 2, the X channel is suscep- 
tible to these effects, while the Y signal-path is essen- 
tially linear (the four output devices, Q3 through Q6, 
behaving in many respects like common-base stages, or 
cascodes). Therefore, the signal requiring the lowest 
possible distortion should always be handled by the Y 
channel. For example, in a balanced modulator applica- 
tion, the carrier (local oscillator voltage) should be ap- 
plied to the X input and the baseband signal to the Y 
input. 

The output from the core is in the form of a pair of 
differential currents. Now, the scaling of these currents 


is customarily controlled by adjustment of the bias cur- 
rents in the V/l converter used on the X-input, which also 
determines the currents in the diode-connected transis- 
tors, Q1 and Q2. 

In classical voltage-output multipliers, the range of ad- 
justment needed to absorb the inevitable resistor mis- 
matches is small, and this method of trimming the 
scaling factor is acceptable. In the AD834, however, the 
transfer function involves the two input voltages V x and 
V Y , the scaling voltage (generated in the band-gap refer- 
ence circuit, and trimmed to an accurate value which is 
assumed here to be 1 V) and the output current, l w : 


In this expression, the value of a resistance, R, deter- 
mines the calibration of the output current. As fabri- 
cated, thin-film resistors have an initial uncertainty 
which can be as large as ±20%, and the customary 
methods of trimming the scale factor would result in 
other compromises (for example, erosion of the avail- 
able signal range in the X-input V/l converter). 

Therefore, the AD834 uses a "Gilbert gain-cell" [Refer- 
ence 3] after the core to provide the needed adjustment 
of the effective value of R, which, in fact, is achieved by 
varying the current gain of this cell through trimming 
the current l G . R, after the l G trim, has an effective value 
of 250 Cl, resulting in a full-scale output current of 
±4 mA when both inputs are at their full-scale value of 
±1 V. The typical current-gain is 1.6, and because this 
type of amplifier is very fast and buffers the core out- 
puts, the overall bandwidth of the multiplier is actually 
enhanced over that which would be obtained using the 
core outputs directly. 

The bias currents from the core, and the gain-setting 
current l G , result in a fairly large standing current-typi- 
cally 8.5 mA-which flows into the outputs W1 and W2 
(Pins 4 and 5). Only the differential output is precisely 
specified to be ±4 mA. 

The output currents can be converted back to voltages in 
a variety of ways. In the simplest case, load resistors 
connected to the positive supply might be used, but 
these do not convert the (two) differential outputs to a 
single-sided voltage. 

For the AD834 to operate properly, the output Pins (4 
and 5) must be pulled above V+ to avoid saturation of 
Q7-Q10. To avoid using a separate supply to do this, 
several of the circuits included here use a voltage- 
dropping resistor in series with the positive supply Pin 
(6) of the AD834; this is a higher value than necessary 
for decoupling purposes. 

This dropping resistor lowers the voltage at Pin 6 to 
provide an extra margin of bias for the output transis- 
tors. For example, in the mean-square circuit in Figure 3, 
11 mA of quiescent current across the 169 Cl dropping 
resistor creates 1.86 V of headroom. The decoupling re- 
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sistor in series with the negative supply to Pin 3 is only 
10fl, since it is included just to decouple the supplies. 

Much of this application note, however, is concerned 
with more effective ways of loading the outputs. For 
example, because they are fully calibrated, the outputs 
of two or more AD834's can be accurately summed by 
simply connecting them in parallel, as is done in the rms 
application discussed later in this application note. 

MEAN-SQUARED DETECTOR 

We will begin with a discussion of a mean square detec- 
tor (Figure 3), whose output is a dc voltage proportional 
to the input power. This circuit is useful in that it re- 
quires only a calibrated signal generator and a dc volt- 
meter to demonstrate the very high speed of the AD834. 

The input signal is applied to the X- and Y-inputs con- 
nected in parallel. The instantaneous output current is 
thus proportional to the square of the input voltage. The 
square of a sinusoidal input voltage of amplitude A is an 
offset cosine at twice the frequency: 

A (s/'nwt) 2 = A 2 (1 -cos 2 <ot)/2 (2) 

If the input to the AD834 has this sinusoidal form, then 
the instantaneous output current (using Equation 1) is 
simply 

! w = 2A 2 (1 - cos2o)t ) mA (3) 

the average value of which is just 2 mA for the maxi- 
mum 1 V amplitude sinusoid. 

The full-scale differential voltage which would be mea- 
sured across Pins 4 and 5 of the AD834 is, therefore, 
2 mA x (50 Q + 50 0), or 200 mV. This average is ex- 
tracted by the low-pass filter formed by the 4.7 |iF 22 |xF 
(AVX part #SR505E475MMAA and #SR505a223JAA) ca- 
pacitors in conjunction with the 50 Cl collector load resis- 
tors, having a -3 dB frequency of about 650 Hz. 

Two capacitors are used in parallel since the 4.7 jxF ca- 
pacitor uses the compact but lossy Z5U dielectric mate- 
rial while the 22 |xF capacitor uses a high Q NPO 


dielectric which ensures good filtering at the highest 
frequencies. Note that the 4.7 jjlF capacitors have a 
-20% to +80% tolerance, so their -3 dB frequency is 
not accurate, nor does it usually need to be. Further 
filtering is performed by the capacitors in shunt with the 
feedback resistors of the AD711 operational amplifier, 
configured to have a -3 dB frequency of 65 Hz. 

Due to finite averaging of the circuit, there will be some 
ripple for low frequency inputs. For the circuit shown, a 
1 kHz input will produce the mean-square plus a 
-42 dB 2 kHz ripple; for 100 kHz input, the ripple will be 
only -80 dB. Since the output is band limited, we can 
use a generic low speed op amp with ample common- 
mode range, obviating the need for level shifting. The 
differential gain of the amplifier can be chosen to pro- 
vide a convenient scale factor. 

The full-scale gain of the circuit in Figure 3 is calculated 
as follows. The average output current is ±2 mA for 1 V 
(peak) sinusoidal input, which creates ±100 mV across 
each 50 CL output load resistor or 200 mV differential. 
The amplifier is configured for a differential gain of 2.5 
(feedback resistance over source resistance), yielding a 
circuit gain of 0.5 V dc output for 1 V rms input. 

The bandwidth of this circuit is limited by package ca- 
pacitance and inductance. In the 8-pin cerdip, the multi- 
plier's response normally starts to rise at 500 MHz due to 
package resonance and peaks at 800 MHz before rolling 
off. A 24.9 11 resistor at the input dampens the reso- 
nance yielding an essentially flat response out to 
800 MHz. (The package inductance will be different for a 
surface mount AD834.) Figure 4 shows the results over 
frequency for three different power levels using the test 
configuration shown in Figure 5. 

Neglecting the 24.9 O in series with the high impedance 
inputs, the input resistance to the mean square circuit in 
Figure 3 is 50 Cl. Since the full-scale input range is ±1 V, 
the maximum measurable power with a 50 n input load 
is 10 mW (20 dBm), assuming a sinusoidal input. 
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RMS-TO-DC CONVERTER 

The root mean square (rms) circuit (Figure 6) is little 
more than the mean square detector circuit described 
above followed by a square root circuit. The frequency 
response is determined by the front end squarer and 
output filter. From the mean-square discussion, the 
squarer functions well past 500 MHz, while the lower 
-3 dB frequency response is 340 Hz (100 fl and 4.7 p,F). 
Note that a resistor divider network at the input deter- 
mines the full-scale input voltage to be ±2 V peak. 

The square root function is performed by a squaring 
AD834 in the feedback loop of an AD711 operational 
amplifier. The 2N3904 transistor functions as a buffer. 
The resistive divider network (two 100 fl) between the 
buffered output and the X and Y channel inputs of the 
AD834 used in the square root section determines the 
output scaling to be ±2 V full scale. 

The outputs of the two AD834s are current-differenced. 
Accurate output differencing and summing is possible 
owing to the precision of the laser trimmed AD834 out- 
put signal current scaling. The AD711 forces the differ- 
ence between the two AD834 signal current to zero. Any 
error in the nulling generates a voltage across the two 
100 fl pull-up resistors. 


Figure 4. Frequency Response of Mean Square Circuit 
for Input Power Levels of -5 dBm , 0 dBm, and +5 dBm 

For greater input ranges, a voltage divider with a series 
resistance of 50 Cl at the input will scale down the volt- 
age seen by the AD834 while maintaining a proper ter- 
mination resistance. For example, if the input signal is 
applied to a 45 Cl resistor in series with a 5 Cl resistor to 
ground, then taking the AD834's input from the middle 
node of the voltage divider provides 20 dB attenuation 
of the input signal, while maintaining a termination re- 
sistance of 50 Cl (45 fl + 5 Cl). 

Detection of low power signals is limited by dc offsets 
and the common-mode rejection of the op amp. For 
example, a -20 dBm signal, corresponding to 22.4 mV 
rms across 50 fl, would result in a 4.5% error in the 
presence of only 1 mV of offset in the op amp. A 10% 
error can occur if the AD834's X channel offset is just 
2 mV. 


After additional filtering and level shifting by the 15 kfl, 
85 kfl, and 0.1 |iF network, the residual error is amplified 
by the full AD711 open loop gain. The amplified error 
signal forces the AD834 in the feedback loop to match its 
output to the mean-squaring AD834's output. The error 
is nulled when the rms circuit's output is equal to the 
square-root of the circuit's input mean-squared, hence 
the rms function. 

The accuracy of the circuit at small signal levels is lim- 
ited by inevitable offset voltages. While a nominal 0 V 
input with a 1 mV error to a mean-square function gen- 
erates a 1 ijlV output error, the same input error gener- 
ates a 31 .6 mV output error through a square root 
circuit. 
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Figure 6. DC to 500 MHz RMS-to-DC Converter 


DC COUPLED VCA APPLICATIONS 

Where the dc response of the AD834 cannot be dis- 
carded, some form of level shifting, either passive or 
active must be employed, since high speed op amps 
often have inadequate common-mode range. The fol- 
lowing applications show the use of active and passive 
level shifting circuits in the implementation of wideband 
voltage-controlled amplifiers. 


A DC TO 60 MHz VOLTAGE-CONTROLLED AMPLIFIER 
USING PASSIVE LEVEL SHIFTING 

Figure 7 shows the schematic of a circuit employing a 
passive network as a level shifter. The op amp chosen 
here is the AD5539. 

The AD5539 is built on the same process as the AD834 
and provides a 2 GHz gain-bandwidth product at high 
closed-loop gain. Unlike most op amps, the AD5539 



* OPTIONAL TERMINATION 



Figure 7. DC to 60 MHz Voltage-Controlled Amplifier Using Passive Level Shifting 
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Figure 8. AD5539 Operational Amplifier Simplified 
Schematic 

features a ground pin and an all-NPN output stage which 
operates in "Class A" to achieve the part's high speed 
(see Figure 8). Closer examination shows that there is a 
limited amount of "headroom" between the output 
node and the inputs, and between these voltages and 
ground. This, its high speed, and other unusual at- 
tributes of the AD5539 require special care in its use. 

First, consider the consequences of its Class A output 
stage. In most op amps, the output can both "pull up" 
and "pull down" on the load, but the NPN emitter- 
follower output stage can only pull up. The AD5539 has 
an internal pull-down resistor (R11) of 2 kO, which can 
only supply two or three milliamps. A general-purpose 
high-speed multiplier must be able to swing to at least 
±1 V while driving the minimum likely load resistance of 
50 ft. At this output level, the load current will be 
±20 mA, which must therefore be supplied by an exter- 
nal pull-down resistor. In fact, the pull-down current 
must be considerably more than this, and requires care- 
ful consideration. 

Figure 9 shows how the calculation is done. The 425 mV 
voltage sources are just "l B R C /" that is, the standing 
current of 8.5 mA at the AD834 multiplied by the load 
resistor R c , which we have here set to 50 Cl. The 200 mV 
sources in Figure 9 (a) are the "l w R c " generators when 
the full-scale output current is +4 mA. From here, we 
calculate VI - 5.375 V and V2 - 5.775 V. 



Next, we calculate the voltage- at W2. Because the input 
current to an ideal op amp is zero, there is no loading at 
W2 and the voltage is simply V2 multiplied by the atten- 
uation ratio 125/(125 + 50), or 4.125 V. Because the input 
voltage to an ideal op amp is zero, W1 is at the same 
voltage, so we can now calculate the current in the 
upper 50 0 resistor as (5.375-4.1 25)/50 mA or 25 mA. 
Again, there is essentially no current at the input of the 
op amp, so the 25 mA all flows in the feedback resistor 
of 125 O , resulting in a voltage drop across it of 3.125 V. 
Finally, we calculate the output as the voltage at W1 
(4.125 V) minus this drop; that is, the output is at +1 V. 

Notice a somewhat surprising result at this point: al- 
though a current of 20 mA flows into the load, a larger 
current, 25 mA, flows in the feedback resistor! This un- 
usual state of affairs is due to the very low value of the 
feedback resistor needed to reduce the scaling factor to 
the desired value, and the relatively large voltage 
needed at the output of the AD834 to ensure proper 
biasing of its outputs W1 and W2. Thus, even though the 
load needs to be sourced 20 mA, we still need to provide 
at least 5 mA in the pull-down resistor R P to bias the 
output emitter-follower in the AD5539. The situation 
gets more severe when the output current of the AD834 
is reversed, because we now need to sink 20 mA in the 
50 Cl load and the voltage across the feedback resistor is 
now even higher. 

This situation is shown in Figure 9(b). The calculation is 
exactly as before, and we discover that the current in the 
feedback resistor is now 39.7 mA. So R P needs to pro- 
vide the load current of 20 mA and an additional 40 mA 
or so in the feedback path, while the voltage across it is 
5 V. This would require R P = 83 Cl. In practice, it should 
be slightly lower to prevent slew rate limiting the fall 
time. Also, the feedback resistor will be raised from 
125 n to 133H to make up for the finite gain of the 
AD5539 under these heavily-loaded conditions. If we 
take the parallel sum of the 50 0 load, the 70 0 pull- 
down and about 150 O effective feedback resistance, the 
actual load on the amplifier is only 24 0! 

The AD5539 is stable for uncompensated gains of 
greater than 5, and the AD5539 in this circuit is operating 
at a gain of just over 3. The 0.01 jxF and 10 O network 
compensates by throwing away enough open loop gain 
to be stable when driving a 50 O load. For higher imped- 
ance loads, the 10 O compensation resistor may need to 
be reduced. 



Figure 9. Equivalent Circuits for Calculating the Value of the Pull-Down Resistor 
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A level-shifting network is included between the nodes 
W1 and W2, whose average voltage is about +4 V, to the 
input of the AD5539 which must be close to ground. 
With the values shown, the op amp inputs are set 
slightly below ground (about -460 mV). This network 
halves the low frequency open-loop gain, which has 
some effect on the dc accuracy in the presence of offset 
voltages at the input to the AD5539. If output offset is 
important, a 500 (l potentiometer should be inserted in 
series with the 3.74 kfi resistors and its slider taken to 
-6 V. It is then adjusted for zero output with both X and 
Y inputs set to zero. 

Note also that the "inner" Pins XI and Y2 on the AD834 
are grounded to minimize HF feedthrough; the resulting 
phase-reversal at the X input is corrected by swapping 
W1 and W2. 

Figure 10 shows the pulse response with the input pulse 
applied to the X input and the Y input set to +1 V, 
indicating a rise time of 6 ns. 



Figure 10. Pulse Response of the DC to 60 MHz Voltage- 
Controlled Amplifier 

Figure 11 shows a set of frequency responses taken on 
an HP8753B network analyzer for Y inputs of +1 V, 
316 mV, +100 mV, and 0 V. In the case of 0 V, the Y input 
is adjusted to null the input offsets. Note that the high 
frequency feedthrough is less than -65 dB of full scale 
(f <3 MHz). 



Figure 1 1. Frequency Response of the DC to 60 MHz 
Voltage-Controlled Amplifier 


A DC TO 480 MHz VOLTAGE-CONTROLLED AMPLIFIER 
USING ACTIVE LEVEL SHIFTING 

Figure 12 (a) shows an active level shifter, using a PNP 
transistor as a common base stage or cascode. Here, the 
AD834 is modeled by three ideal current sources, two for 
the 8.5 mA bias currents and one for the ±4 mA differ- 
ential signal current. The transistors' bases are tied to 
+ 5 V, setting the emitter potential stays at 5.7 V result- 
ing in a voltage of 3.3 V across the resistors R1 and R2 in 
the absence of signal. Figure 12 (b) shows an equivalent 
circuit. 



a. b. 

Figure 12. An AD834 Output Stage Using Active Level 
Shifting 


The equivalent dc bias current of 7.17 mA is found by 
solving for the current flowing into the emitter when the 
signal current generator is zero. In the ac domain, the 
signal current generator sees R1 and R2 both tied to low 
impedance nodes. By inspection, the original signal cur- 
rent has been scaled by: 

/?1 

± 2.6 mA = ±4 mA x - — — (4) 

Since AD834's outputs have very high output imped- 
ances, the equivalent series resistance can be ignored. 
The entire 7.17 mA flowing into the cascode's emitter 
flows out the cascode's collector, assuming a good a, 
and across R3. The voltage across R3 is: 

4.65 V = 7.17 mA x 649 O (5) 

The operational amplifier's inputs are 350 mV below 
ground and are within the common-mode range of a 
wideband amplifier. 

The bandwidth of a transistor configured as a cascode is 
the unity gain frequency (f T ) of the transistor, provided 
that the user does not create any spurious poles. Choos- 
ing an R1 and R2 such that their parallel sum is too large 
for the transistor's parasitic emitter-base capacitance or 
an R3 too large for the transistor's parasitic collector- 
base capacitance will create unwanted poles that lower 
the frequency response of the circuit. 
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Figure 13. A DC to 480 MHz Voltage-Controlled Amplifier 
Using Active Level Shifting 


Another potential pitfall when using the active PNP level 
shifter is oscillations at the cascode's emitter. The input 
impedance of a bipolar junction transistor's emitter is 
inductive at frequencies approaching its gain-bandwidth 
product (f T ), while the AD834's output is capacitive. Due 
to the high bandwidth of the system, these impedances 
can lead to oscillation. 

To prevent such oscillations, the emitter in Figure 12 has 
been isolated from the AD834's output by R2. This pre- 
vents oscillations while providing signal attenuation 
(gain control) as related in Equation 4. The 2N3906s 
provide wideband level shifting without resonance or 
oscillation. Care must be taken when using alternative 
transistors. 

The signal current at the cascodes' collectors is now fed 
to a wideband amplifier in a differential current to volt- 
age converter configuration as shown in Figure 13. This 
configuration is similar to an op amp driven current-to- 
voltage converter which typically follows a current out- 
put multiplying digital-to-analog converter. 

The AD9617 makes an excellent choice to drive the cur- 
rent to voltage converter. The AD9617 is a second- 
generation transimpedance amplifier (also known as a 
current feedback or TZ amplifier) with a fully comple- 
mentary output stage (unlike the AD5539), and opti- 
mized for use with a 400 f l feedback resistor. 

The AD9617 inputs are tied directly to the collectors of 
the cascodes. The op amp creates a virtual short be- 
tween the input nodes, forcing all the signal current to 
flow in the feedback paths. The differential transresis- 
tance of the convertor is 400 ft. The desired scaling can 
be attained by means of the R1 and R2 attenuation net- 
work described above. The full-scale gain of the circuit 
(X = Y = 1 V) at the AD9617's output is calculated as: 

2 x 2.6 mA x 400 ft - 2.08 V (6) 


or 1.04 V after the reverse termination resistor. The ac- 
tual circuit shows a full-scale gain closer to unity. 

Figure 14 shows the full-scale step response (-1 V to 
+ 1 V) applied to the X input and the Y input set to +1 V 
demonstrating the circuit's capabilities with a rise time 
of under 2 ns while exhibiting some overshoot, but no 
ringing. Note that the output slews at over 500 V/|xs. 



Figure 14. Step Response of the Wideband VC A 

Figure 15 shows a set of frequency responses taken on 
the HP8753B network analyzer for Y inputs of +1 V, 
316 mV, +100 mV, and 0 V. The Y input is actually ad- 
justed to null the input offsets. Note that the circuit has a 
small-signal bandwidth of 500 MHz (at an input power 
level of 0 dBm). This bandwidth is possible with the two 
1 pF capacitors at the inverting node. The high fre- 
quency feedthrough is less than -80 dB of full-scale 
(f < 2 MHz). 
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Figure 15. Frequency Response of the Wideband VCA 

THE AD834 AS A VIDEO SWITCH 

With 0 V or + 1 V applied to the X channel as gate control 
and the video signal to the Y channel, the AD834 be- 
comes a high-speed video switch. Figure 16 illustrates 
this idea with a high speed current switching circuit 
centered around an ECL switch. The current flows 
through either Q1 or 02, depending on the input volt- 
age. Current switching ensures fast and clean switching 
to determined levels ( + 1 V and ground), and allows the 
user to over- or under-drive the gate input. 


+5V 



Figure 16. The AD834 as a High-Speed Video Switch 

The AD834 switches on as the gate input rises from + 1 V 
through +2 V at the gate circuit input. Below 1 V, Q1 
absorbs almost all of the current from the 216 0 resistor; 
the 2N3906 transistor is turned off. In this state, the 
100 O resistor from the X2 input to ground accurately 
shuts the Y channel off, with Y channel feedthrough to 
the output measured at -50 dB. With the base of Q2 
held at 1.6 V, the transistor's emitter potential is 2.35 V. 
A steady 10.2 mA (minus base current) from the 261 O 
resistor generates +1 V across the 100 O resistor at the 
X2 input independent of the exact high level of the gate 
input. 


Figure 17 shows a scope photograph of a 1.5 ns rise- 
time pulse gating a 200 MHz signal. The resulting enve- 
lope rise time is 2.7 ns; it has a fall time of 3.0 ns. 
Although the switched signal may be much slower, the 
output stage from the AD834 should have a bandwidth 
greater than 100 MHz in order to maintain an envelope 
rise time of 3.5 ns. 



Figure 17. Rise Time of the Video Switch 

AC OUTPUT-COUPLING METHODS 

In many applications, the dc component at the output 
can be discarded. In such cases, a wideband buffer can 
easily ac couple to the AD834 output. The circuits below 
show the use of simple transformers and baluns for 
passive, ac coupled output circuits. 

TRANSFORMER-COUPLED OUTPUT 

Figure 18 shows the use of a center-tapped output trans- 
former, which provides the necessary dc load condition 
at the outputs W1 and W2, and is designed to match into 
the desired load impedance by appropriate choice of 
turns ratio. The specific choice of the transformer design 
will depend entirely on the application. Transformers 
may also be used at the inputs. Center-tapped trans- 
formers can reduce high frequency distortion and lower 
HF feedthrough by driving the inputs with balanced sig- 
nals. Suitable center-tapped transformers include the 
Coilcraft WB2010PC, which the manufacturer specifies 
for 0.04 MHz to 250 MHz operation. 



Figure 18. The AD834 with Transformer-Coupled Output 
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BALUN-CGUPLED OUTPUT 

Figure 19 shows a circuit which uses blocking capacitors 
to eliminate the dc offset, and a balun, a particularly 
effective type of transformer, to convert the differential 
(or balanced) signal to a single-sided (or unbalanced) 
output. A balun consists of a short length of transmis- 
sion line wound on to a toroidal ferrite core, which con- 
verts the 'bal'anced output to an 'un'-balanced one 
(hence the use of the term). 



Figure 19. The AD834 with Baiun-Coupled Output 

Although the symbol used is identical to that for a trans- 
former, the mode of operation is quite different. In the 
first place, the load should now be equal to the charac- 
teristic impedance of the line, although this will usually 
not be critical for short line lengths. The collector load 
resistors R c may also be chosen to reverse-terminate the 
line, but again this will only be necessary when an elec- 
trically long line is used. In most cases, R c will be made 
as large as the dc conditions allow, to minimize power 
loss to the load. The line may be a miniature coaxial 
cable or a twisted pair. 

It is important to note that the upper bandwidth limit of 
the balun is determined only by the quality of the trans- 


mission line; hence, it will usually exceed that of the 
multiplier. This is unlike a conventional transformer, 
where the signal is conveyed as a flux in a magnetic 
core, and is limited by core losses and leakage induc- 
tance. The lower limit on bandwidth is determined by 
the series inductance of the line, taken as a whole, and 
the load resistance (if the blocking capacitors C are suf- 
ficiently large). In practice, a balun can provide excellent 
differential-to-single-sided conversion over much wider 
bandwidths than a transformer. 

IMPLEMENTATION 

Building these circuits requires good high frequency 
techniques. The circuit schematics suggest suitable lay- 
out. Ground plane is essential for all of the circuits 
described in this applications brief. It should cover as 
much of the component side of the PCB as possible, but 
not directly underneath the 1C or encircling any individ- 
ual pins. Sockets add to the pin capacitance and induc- 
tance, and should be avoided. If sockets are necessary, 
use individual pin sockets such as AMP p/n 6-330808-3. 
They contribute far less stray reactance than the molded 
socket assemblies. Each power trace should be decou- 
pled at the 1C with a 0.1 |xF low inductance ceramic 
capacitor, in addition to the main decoupling capacitor. 
All lead lengths should be kept as short as possible. For 
lead lengths longer than an inch, stripline techniques 
should be used. 
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Low-Cost, Two-Chip Voltage-Controlled 
Amplifier and Video Switch 

by Charles Kitchin, Andrew Wheeler, and Ken Weigel 


INTRODUCTION 

Historically, it has been very difficult to build wide 
bandwidth, high quality, voltage-controlled amplifiers. 
Discrete designs have required a great deal of design ef- 
fort while monolithic or hybrid integrated circuit ap- 
proaches to VCAs have been expensive, or they have suf- 
fered from poor performance. 

With the introduction of the AD539JN, a 60MHz analog 
multiplier in a plastic package, wideband gain-control is 
now practical at low cost. Used in conjunction with the 
5539N wideband op-amp available from either Analog 
Devices or Signetics Corp. (also in a plastic package), the 
two devices can be connected together to create a high- 
speed voltage-controlled amplifier (VCA) or Video Switch 
with outstanding performance. In addition to providing a 
50MHz bandwidth, this combination also satisfies even 
the most stringent differential phase and differential gain 
requirements. The AD539/5539 VCA is able to drive a 7511 
terminated coaxial cable directly. 

A REVIEW OF SOME BASICS 

Before describing the complete circuit, some basic princi- 
ples of analog multiplication, as well as the main features 
of the AD539, will be reviewed. Monolithic multipliers 
have been commercially available since 1970, following 
the discovery of an important circuit design technique 
based on the logarithmic relationship between the base- 
emitter voltage of a bipolartransistorand its collector cur- 
rent. All 1C multipliers now use this concept, known as the 
translinearprinciple. 

One-quadrant multipliers accept input voltages at V x and 
V Y of only one polarity; accordingly, their operation is 
confined to quadrant 1 of a 4-quadrant X, Y coordinate 
system. This type of multiplier is of most use in high-accu- 
racy computational roles. 

Two-quadrant multipliers can accept voltages of either 
polarity at one of their input ports, but they can accept 
only a single polarity voltage at the other input. In gain- 
control applications, the bipolar input is considered the 
"signal" input and the single polarity input is referred to 
as the "control" input; therefore, when V x is restricted to 


positive values, multiplier operation is confined to Quad- 
rants 1 and 4. 

Four-quadrant multipliers allow operation in all four 
quadrants with any combination of input polarity. Since 
this variety always preserves the correct sign at the out- 
put, it may at first seem that the four-quadrant type would 
always be the most useful variety of multiplier. However, 
this is not the case. 

Until recently, the main emphasis in improving multiplier 
performance was directed toward higher precision, and 
four-quadrant operation was standard. However, the in- 
troduction of the AD539 two-quadrant multiplier deviates 
from this trend, by providing a 50MHz low distortion de- 
vice optimized for gain control applications. 

SOME ADVANTAGES OF TWO-QUADRANT 
MULTIPLIERS OVER OTHER TYPES 

Four-quadrant analog multipliers have often been used in 
fast computational applications, in correcting the distor- 
tion of wide-angle CRT deflection systems, and in per- 
forming modulation and demodulation operations. How- 
ever, in gain-control applications a two-quadrant multi- 
plier is the better choice because this device is optimized 
for AC signals. This type of multiplier is often used for pre- 
cision AGC, for implementing voltage-controlled ampli- 
fiers, and for creating various types of programmable 
filters. 

Two-quadrant multipliers such as the AD539 have impor- 
tant advantages in gain-control applications, where there 
is no need (and it is undesirable) to respond to a bipolar 
control input voltage. Therefore, one functional advan- 
tage of the two quadrant multiplier is that the control 
channel can be fully blocked for all values of V x below 
zero. As a practical matter, the offset voltage of the control 
channel can be made to be about one-tenth that of a gen- 
eral-purpose four-quadrant multiplier; this also provides 
improved low level gain accuracy. 

Other advantages relate to improvements made possible 
in the design of the 1C when the four-quadrant require- 
ment is removed. In the AD539, these result in higher 
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bandwidth {80MHz versus 1MHz for a generai-purpose 
device) with much smaller signal feedthrough at low 
gains, better phase response, lower signal-path distortion 
(the AD539 will generate less than 0.05% THD at full out- 
put in most applications), higher control-channel linear- 
ity, and lower noise (particularly at low gains). 

TWO-SIGNAL CHANNELS WITH COMMON CONTROL 

A unique feature of the AD539 is its own separate signal 
input channels, V Y1 and V Y 2 / each with a nominal full-scale 
voltage range of ± 2V and each simultaneously controlled 
by a common input, V x . V x has a range of zero to + 3V FS. 
All inputs are referred to a common (input) ground 
connection. 

The two-signal channels may be used in many different 
ways. First, of course, they can be used to control the 
magnitude of a pair of separate input signals. The excel- 
lent gain-tracking and high separation between channels 
of the AD539 proves to be valuable in this application ; in 
fact, the bandwidth, crosstalk and other limitations occur- 
ring at high frequencies are caused more by the PC board 
layout than by the 1C itself. 

In applications where only a single channel is involved, 
the signal inputs and outputs may be connected in paral- 
lel. When driving grounded resistive loads, this configura- 
tion has the advantage of increasing the load power by a 
factor of four. Alternatively, the two-signal channels may 
be driven from complementary (phase and antiphase) 
signals, to achieve distortion figures as low as 0.01%; this 
mode is generally of more utility in low-speed applica- 
tions (those with less than 1 MHz bandwidth). 

The two-signal channels may also be connected in series, 
thus providing a V x 2 V Y function. This results in a circuit 
which has higher gain with twice the gain-control range 
(up to lOOdB is practical) or instead, to provide a circuit 
with a more constant bandwidth over a reduced control 
voltage range. With the constant bandwidth circuit, the 
gain now varies as the square of the control voltage, 
which in some applications is advantageous. 


A 50MHz VOLTAGE-CONTROLLED AMPLIFIER 

Figure 1 is a circuit for a 50MHz voltage-controlled ampli- 
fier (VCA) suitable for use in high-quality-video-speed ap- 
plications. The outputs from the two-signal channels of 
the AD539 (see "Inside the AD539" for a more complete 
circuit analysis) are applied to the op-amp in a subtracting 
configuration. This connection has two main advantages: 
first, it results in better rejection of the control voltage, 
particularly when overdriven (V x <0 or V X >3.3V). Sec- 
ondly, it provides a choice of either noninverting or invert- 
ing responses, using either inputs V Y1 or V Y2 , respectively. 
In this circuit, the output of the op amp will equal : 

Vour = Vx - (V ^- V ^ ) forV x >0 

Hence, the gain is unity at V x = +2V. Since V x can over- 
range to -l- 3.3V, the maximum gain in this configuration 
is about 4.3dB. (Note: If pin 9 of the AD539 is grounded, 
rather than connected to the output of the 5539N, the 
maximum gain becomes 10dB.) 

The bandwidth of this circuit is over 50MHz at full gain, 
and is not substantially affected at lower gains. Of course, 
when V x is zero (or slightly negative, to override the re- 
sidual input offset) there is still a small amount of capaci- 
tive feedthrough at high frequencies; therefore, extreme 
care is needed in laying out the PC board to minimize this 
effect. Also, for small values of V x , the combination of this 
feedthrough with the multiplier output can cause a dip in 
the response where they are out of phase. Figure 2 shows 
the AC response from the non-inverting input, with the re- 
sponse from the inverting input, V Y2 , essentially identical. 
Test conditions: V Y1 = 0.5V rms for values of V x from 
+ lOmV to + 3.16V; this is with a 7511 load on the output. 
The feedthrough at V x = - 1 0m V is also shown. 

The transient response of the signal channel at V x = + 2V, 
V Y = V OU T= + or - IV is shown in Figure 3; with the VCA 
driving a 7511 load. The rise and fall times are both approx- 
imately 7ns. 



Figure 1. A Wide Bandwidth Voltage-Controlled Amplifier 
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Figure 2. AC Response of the VCA at Different Gains 
V Y = 0.5V RMS 
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Figure 4. Differential Gain of the Voltage-Controlled 
Amplifier 



VoUT 

V,N 


Figure 3. Transient Response of the Voltage-Controlled 
Amplifier V x = +2 Volts , V Y = ± 1 Volt 
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Figure 5. Differential Phase of the Voltage-Controlled 
Amplifier 


In video applications, it is important that the gain and 
phase of the signal channels remain constant over the 
full-signal window. These aspects of the response are 
known as the differential-gain and differential-phase 
characteristics respectively, and are measured by 
superimposing a small AC signal at the subcarrier fre- 
quency (about 3.58MHz for NTSC systems) on top of a 
bias signal that modulates the channel over its nominal 
range, usually 0 to + IV. Figure 4 shows the variation in 
gain for V Y = - IV to + IV at a frequency of 3.58MHz, for 
three values of V x . Figure 5 shows the phase variation 
under the same conditions. In most respects, this per- 
formance is similar to that which may be achieved using 
more expensive custom circuitry, although the control 
channel of the AD539 can be more easily overloaded by 
a rapidly changing step input. 


A few final circuit details: in general, the control amplifier 
compensation capacitor for pin 2, C c , must have a mini- 
mum value of 3000pF(3nF) to provide both circuit stability 
and maximum control bandwidth. However, if the 
maximum control bandwidth is not needed, then it is ad- 
visable to use a larger value of C c , with typical values be- 
tween 0.01 and 0.1jjlF. Like many aspects of design, the 
value of C c will be a tradeoff: higher values of C c will 
lower the high frequency distortion, reduce the high fre- 
quency crosstalk, and improve the signal channel phase 
response. Conversely, lower values of C c will provide a 
higher control channel bandwidth at the expense of de- 
graded linearity in the output response when amplitude 
modulating a carrier signal. The control channel 
bandwidth will vary in inverse proportion to the value of 
C c , providing a typical bandwidth of 2MHz with a C c of 
0.01 |xF and a V x voltage of + 1.7 volts. 
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Both the bandwidth and pulse response of the control 
channel can be further increased by using a feedforward 
capacitor, Cff, with a value between 5 and 20 percent of Cc- 
Cff should be carefully adjusted to give the best pulse re- 
sponse for a particular step input applied to the control 
channel. Note that since Cff is connected between a linear 
control input (pin 1) and a logarithmic node, the settling 
time of the control channel with a pulse input will vary 
with different control input step levels. 

Diode D1 clamps the logarithmic control node at pin 2 of 
the AD539, (preventing this point from going too nega- 
tive); this diode helps decrease the circuit recovery time 
when the control input goes below ground potential. 

THE AD539/5539 COMBINATION AS A FAST, LOW FEED- 
THROUGH, VIDEO SWITCH 

Figure 6 shows how the AD539/5539 combination can be 
used to create a fast video speed switch suitable for many 
high frequency applications including color key switch- 
ing. It features both inverting and noninverting inputs and 
can provide an output of ±1V into a reverse-terminated 
750 load (or ±2Vinto 1500). An optional output offset ad- 
justment is provided. The input range of the video switch 
is the same as the output range: ± 1 V at either input gen- 
erates ±1V (noninverting) or + 1V (inverting) across the 
750 load. The circuit provides a dimensionless gain of 
about 1, when "ON," or zero when "OFF." 

The differential configuration uses both channels of the 
AD539 not only to provide alternative input phases, but 
also to eliminate the switching pedestal due to step- 
changes in the output current as the AD539 is gated on or 
off. 

The waveforms shown in Figures 7 and 8 were taken 
across a 7511 termination; in both photos, the signal of 0 
to + 1 V (in this case, an offset sine wave at 1 MHz) was ap- 
plied to the noninverting input. In Figure 7, the envelope 


response shows the output being fully switched in about 
50ns. Note that the output is ON when the control input 
is zero (or more negative) and OFF for a control input of 
+ 1V or more. There is very little control-signal break- 
through. 



Figure 7. The Control Response of the Video Switcher 



Figure 8. The Signal Response of the Video Switcher 
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Figure 8 shows the response to a pulse of OV to + IV on 
the signal channel. With the control input held at zero, the 
rise-time is under 10ns. The response from the inverting 
input is similar. 

The differential-gain and differential-phase characteris- 
tics of this switch are compatible with video applications. 
The incremental gain changes less than 0.05dB over a sig- 
nal window of 0V to + IV, with a phase variation of less 
than 0.5 degree at the subcarrier frequency of 3.58MHz. 
The noise level of this circuit measured at the 750 load is 
typically 200|xV in a 0 to 5MHz bandwidth or approxi- 
mately lOOnV per root hertz. The noise spectral density is 
essentially flat to 40MHz. 

INSIDE THE AD539 

Figure 9 is a simplified schematic outlining the main de- 
sign features of the AD539 multiplier. Q1 through Q6, 
which form the translinear core of the multiplier, are 
multi-emitter NPN transistors having a very low base re- 
sistance, to minimize noise and distortion; emitter area 
scaling is also used in optimizing this crucial section of the 
circuit. Each of the pairs Q1-Q2, Q3-Q4, and Q5-Q6 form 
what is called a "controlled cascode" circuit; this is basi- 
cally a grounded-base transistor to which has been added 
another device which removes some of the signal from 
the emitter. This alters the gain of the cascode, from al- 
most unity (when no current is removed) to zero (when all 
the signal is removed). The "controlled cascode" config- 
uration has very desirable characteristics for use in two- 
quadrant multiplication. 



Figure 9. A Simplified Schematic of the AD539 Analog 
Multiplier 


Correspondingly, the same fraction of the signal and bias- 
currents that is supplied to the common emitter nodes of 
controlled cascodes Q3-Q4 and Q5-Q6 is conveyed to the 
two outputs. 

Now consider the signals paths. The voltages V Y1 and V Y 2 
are converted to currents by V-l converters which have a 
transresistance of 1.74kH. At full-scale input of ±2 V, the 
signal current supplied to the cascodes is ± 1.15mA; this 
is superimposed on a bias current of 2.75mA. Thus, when 
V x = + 3V, the collector currents of either Q3 or Q6 will 
consist of a signal component of ± 1mA (0.873 x 1.15mA) 
and a DC component of 2.4mA, both of these currents 
being proportionally less for other values of V x . The DC 
component is removed by resistors R X1 and R X2 , driven di- 
rectly from V x . The final output is thus a current of value: 

, V x V Y 

w “ IV x 6kn 

Note that the peak value of V Y can be ± 4.2V (using a - V s 
supply of at least -7.5V) and V x can overrange by 10% to 
+ 3.3 V, so the peak output current of each channel can be 
slightly more than ± 2mA, for a maximum of ± 4m A when 
the channels are used in parallel. These currents may be 
delivered directly to grounded load resistors or to termi- 
nated coaxial cables. With coaxial cables, the full 60MHz 
bandwidth of the AD539 can be realized, but the peak sig- 
nal amplitude will be quite limited (to only ±330mV using 
a 75 Cl load). Clearly, some additional gain is needed. 

Unfortunately, the amplifiers necessary for additional 
gain could not be included on the AD539, due mainly to 
power dissipation considerations. Also, gain errors (of up 
to ±1.5dB) will occur using a simple load resistor, be- 
cause of the 20 percent tolerance ofthethin-film resistors. 
Fortunately, by using external op amps, the output cur- 
rents may be converted to much larger voltages, using 
on-chip applications resistors R w and R z provided for this 
purpose. These resistors have a nominal value of 6kH, but 
they are laser-trimmed during manufacture so as to result 
in high gain accuracy when used as the feedback resistors 
around an inverting op amp. When using just R w (Rwi for 
CH 1 , R W2 for CH2), the transfer characteristic becomes: 

Vv Vv Vv V v 

V w = lw x Rw = yy x x 6kfl = -jy forV x >0 

When R w and R z are used in parallel, the gain is halved, 
that is: 


A stable 1.375mA reference current (which determines V w = 

the multiplier scaling) is supplied to the common emitters 

of the controlled-cascode Q1-Q2, whose bases are biased The bandwidth is now largely determined by the op amp. 

by the control amplifier (a high speed op amp). When the For wideband applications, the 5539N is an ideal low-cost 

control input V x is zero, Q2 is biased off. This bias voltage complement to the AD539; this combination is capable of 

is conveyed to Q3 and Q6, which are likewise turned off; providing ± IV into a 75fl load with only a very small de- 
signal transmission to the outputs is thus blocked. As V x gradation of the 60MHz bandwidth achieved by the AD539 

increases, the current through R x (l x ) is forced to flow in alone, 

the collector of Q2; this current only represents a frac- 
tional part of the 1.375mA reference current. When 
V X = 3V (its nominal full-scale value), 1.2mA flows in R x 
and Q2; this is 0.873 (or 87.3%) of the reference current. 
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LAYOUT OF VIDEO-BANDWIDTH CIRCUITRY 
Careful component layout, adequate power supply 
bypassing, and proper coaxial cable termination are all 
very important in the implementation of video-bandwidth 
circuits in general. Unfortunately, even when these pre- 
cautions are taken, some added difficulties can still arise 
in the case of voltage-controlled amplifiers. This can hap- 
pen when leakage of the input signal to the output occurs 
when the gain should be zero. This feedthrough will cause 
ghost images which are generated by the high-frequency 
components of the unwanted signal. 

A good ground plane is essential! To help assure this, it 
is recommended that part of this ground be run between 
the rows of the pins of both chips, on both the upper and 
lower surfaces of the PC board. The ground plane for a 
typical AD539/5539 layout is shown in Figure 10. In addi- 
tion, all decoupling capacitors must have minimum lead 
lengths to this ground plane. Also, the input and output 
connections must be kept short, and should be physically 
separated as far as possible from each other. Separate 
power supply decoupling for the AD539JN and 5539N is 
also recommended. 

Proper cable termination is also essential for adequate 
high-frequency performance. On e-quarter- watt carbon 
resistors are well suited for this function since they are 
noninductive and quite inexpensive; one-percent-metal 
film resistors may also be used, although their inductance 


should be measured first (since this property of the resis- 
tor may vary with each manufacturer). Avoid using wire- 
wound resistors for termination! 

The VCA described in this application note was designed 
to operate directly into a 75fl load; therefore, "back-termi- 
nation" (i.e., a series resistor which halves the load volt- 
age) was not used. In most cases, the weak reflection from 
a short (up to 6 feet) directly driven cable will not cause 
any visible effects. However, when using very long ca- 
bles, it may be necessary to insert a 75H resistor in series 
with the output of the 5539N to absorb these reflections. 



Figure 10. Layout of a Typical AD539/5539 Ground 
Plane 


11-164 APPLICATION NOTES 




□ ANALOG AN-214 

DEVICES APPLICATION NOTE 

ONE TECHNOLOGY WAY • P.O. BOX 9106 • NORWOOD, MASSACHUSETTS 02062-9106 • 617/329-4700 


Ground Rules for High-Speed Circuits 
Layout and Wiring Are Critical in Video-Converter Circuits 
How to Keep Interference to a Minimum 
by Don Brockman and Arnold Williams 


In recent issues. Analog Dialogue has dealt extensively 
with topics in shielding and grounding, 1, 2 emphasizing 
the techniques needed to protect the integrity and preci- 
sion of analog signals in the dc and audio-frequency 
domain from interfering signals, whether at line fre- 
quency or at much higher frequencies. To complement 
those articles, we suggest here the elements of good 
practice for high-resolution "video speed" converters, 
i.e., converters of 10-bit or greater resolution, operating 
at word rates above 1 MHz. 

Electronics may be frustrating for designers who cross 
the threshold from low-resolution-low-speed to high- 
resolution-high-speed designs, or from digital to analog- 
signal-conditioning circuits. For them, it often seems the 
“ground rules” have changed. 

Experienced designers can readily attest to the difficulty 
of obtaining consistent grounds. They can relate stories 
about the ground that wasn't where they thought it was, 
or the ground that wasn't there at all, despite a convic- 
tion that "it has to be.” On printed-circuit (p-c) boards, 
wires and/or runs that seemed to be perfectly good 
grounds are transformed into inductors or worse in 
high-speed or high-frequency circuits. 

At ADI's Computer Labs Division, where high-speed cir- 
cuits are its bread and butter, applications engineers 
have found that grounding is the focus of a large per- 
centage of questions from designers making their initial 
foray into high-speed circuits. In most cases, the design- 
ers encountered difficulties as the result of being un- 
aware of— or ignoring — certain basic ground rules. 

BASIC PC-CARD RULES 

Knowledgeable high-speed circuit designers have 
learned that every square inch of a printed-circuit board 

^lan Rich, "Understanding Interference-Type Noise," Analog Dia- 
logue 16-3, 1982, pages 16-19. 

2 Alan Rich, "Shielding and Guarding," Analog Dialogue 17-1, 1983, 
pages 8-13. 


which doesn't contain circuits or conducting runs should 
be ground plane. Violating that simple rule invites disas- 
ter. But sometimes, strict adherence to the rule is still no 
guarantee of success if circuit density is too high; then 
one must reduce the density and create more "real es- 
tate” for the ground plane. 

Our applications engineers strongly recommend that all 
bread-board designs be done on double-sided copper- 
clad boards. Although this is not a sure cure for ground 
problems, it improves the designer's chances. 

Another basic rule for working with high-speed and/or 
high-frequency printed-circuit-board designs is to con- 
nect analog ground and digital ground together within 
the PC board. This technique is used, for example, in 
Analog Devices card-level high-speed a/d converters 
(e.g., MOD-1005, MOD-1020, MOD-1205, CAV-0920, and 
CAV-1210). Connecting the two grounds enhances the 
performance of the converters when they are operated 
either by themselves or as tightly knit subsystems. How- 
ever, it can raise some system-level problems, to be 
discussed below. 

Another rule for printed-circuit-board designs containing 
analog and digital circuitry is to use every available 
spare pin for making ground connections, and to use 
those pins to separate the analog and digital signals 
entering or leaving the board. 

Avoid using purely insulating (e.g., "Vector”) bread- 
boards and small-diameter hookup wire (e.g., #24) for 
connections, including supply voltages and grounds. 
The approach will create ground and noise problems if 
the circuit is intended to operate at 1 MHz or more (it will 
probably lead to problems at even slower speeds). 

To summarize: Use double-sided copper-clad boards 
with maximum ground area and heavy, well-located 
power-supply and ground-return leads. Tie rounds to- 
gether locally. 


REV. A 
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GENERAL CIRCUIT PRACTICE 

Any subsystem or circuit layout operating at high 
speeds with both analog and digital signals needs to 
have those signals physically separated as much as pos- 
sible to prevent possible crosstalk between the two. Dig- 
ital signals leaving or entering the layout should use 
runs that have minimum length. The shorter the digital 
runs, the lower the likelihood of coupling to the analog 
circuits. 

Analog signals should be routed as far from digital sig- 
nals as size constraints allow; and the two, ideally 
should never closely parallel one another's paths. If they 
must cross, they should do so at right angles to mini- 
mize interference. Coaxial cables may be necessary for 
analog inputs or outputs-a demanding condition me- 
chanically, but sometimes the only solution electrically. 

When combining track-and-hold and a/d-converter hy- 
brids or modules on the same board, keep them as close 
together as is practical. All grounds need to be con- 
nected to the single, low-impedance ground plane: and 
the connections should be made right at the units them- 
selves (another argument for having large amounts of 
good, solid ground plane available all over the p-c 
board). 

A suggested practical approach for accomplishing this is 
illustrated in Figure 1, which shows a flow-chart layout, 
as the preferred method for combining high-speed ana- 
log and digital circuits on a p-c board. 

If one assumes a 10-volt input range on the 12-bit a/d 
converter, the least-significant bit (LSB) of the ADC will 
have a value of 2.5 mV (10 V/4,096). Assume that a single 
pin of the p-c connector, which is used for ground, has a 
resistance of 0.05 ohm — and that the p-c card draws a 
total of 1.5 amperes. 

The voltage drop at the ground pin could be 75 millivolts 
in these circumstances. If only digital logic were used, 
this voltage drop would be minuscule, hardly worth con- 
sidering. However, the hypothetical real-world situation 
being considered here is a mixture of both analog and 
digital circuits, and the 75 mV can have a significant 
impact on the subsystem's performance. 

In this example, the digital circuits are TTL. Since TTL is 
a saturated logic, ground currents vary widely, and vary- 
ing current flowing through the ground often produces 
noise signals which modulate the ground plane. This 
noise, created by digital switching, can couple into the 
analog portion of the circuit and have an important ef- 
fect on performance, even at low digital levels. For ex- 
ample, if only 10% of the 75-millivolt l-R drop cited here 
couples into the analog signal, that would represent 3 
LSBs. 

The result? The circuit intended for operation as a 12-bit 
system is now reduced to a system of 10 to 11 bits, 
because of noise masking the 2.5-millivolt level of the 
desired 12-bit LSB. The recommended solution? Assign 
multiple pins for ground connections, to reduce the total 
contact resistance. As Figure 1 shows, those pins are 


aiso used to separate the analog and digital signals. 


Figure 1. "Flow Chart" Layout for Logical Separation of 
Functions. 

This design approach may seem unnecessarily rigorous 
and time-consuming but can prove rewarding when the 
p-c board is installed in its final system location. 

Locate the timing circuits near the center of the board 
(Figure 1 ) because the timing is at the heart of the circuit, 
being connected to all of the major circuit components 
of the board. A central location helps assure minimum 
paths for the digital signals. 

Variations of this theme may not use the exact same 
components or functions, but the same basic techniques 
should be applied in any design containing analog and 
digital circuits. For cards with all connections at one end, 
avoid configurations which have analog circuits near the 
p-c connector, and digital signals at the opposite end of 
the card-or vice versa; either situation will cause ana- 
log and digital paths to pass in close proximity to one 
another. 

SYSTEM GROUNDING 

Although local ties for analog and digital grounds help 
the performance of a card, they can cause problems for 
the system designer using ADCs and DACs. In systems, 
data converters should be considered as analog (not 
digital) components; the system design must be as- 
signed to experienced and capable analog engineers, 
who are used to defending millivolt signals against 
interference. 

Place ADCs and DACs (like other analog devices) near 
other parts of the analog section, because: (1 ) reflections 
make it hard to transmit analog signals more than a 
short distance without loss of bandwidth and amplitude; 
and (2) noise generated by the digital section can couple 
into the analog through the ground plane or power sup- 
plies, or radiate to nearby analog components. 

Each card in the system should be returned directly to 
the power supply common, using heavy wire. Where it 
is mandatory that a card's analog and digital grounds be 
separated, each should be separately returned to the 
power supply; don't connect the two grounds and return 
a single ground line to the power supply. 
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POWER SUPPLIES 

Besides ground rules, designers of high-speed circuits 
must also consider the rules about power supplies to 
obtain best results. 

Every power-supply line leading into a high-speed p-c 
card or data-acquisition circuit must be carefully 
bypassed to its ground return to prevent noise from 
entering the card. Ceramic capacitors, ranging in value 
from 0.01 to 0.1 |xF, should be used generously in the 
layout, mounted as closely as possible to the device or 
circuit being bypassed; and at least one good-quality 
tantalum capacitor of 3 to 20 |xF should be assigned to 
each power-supply voltage, mounted as near as possi- 
ble to the incoming power pins to keep potentially high 
levels of low-frequency ripple off the card. 

To some extent, the p-c's power-supply connector pins 
can introduce noise problems. If their contact resistance 
is sufficiently high, and a varying current is flowing, the 
varying IR drop which results is noise and can be cou- 
pled into parts of the card. This caution applies espe- 
cially to +5-volt supplies used to power TTL systems, 
but the problem can be alleviated with a variation of the 
rule about multiple pins for making ground connections. 
Parallel the l-R drops by also using multiple pins for 
power connections. 

Low-noise, low-ripple temperature-stable linear power 
supplies are the preferred choices for high-speed cir- 
cuits. Switching power supplies often seem to meet 
those criteria, including ripple specifications. But ripple 
specs are generally expressed in terms of rms- and the 
spikes generated in switchers may often produce hard- 
to-filter, uncontrollable noise peaks with amplitudes of 
several hundred millivolts. Their high-frequency compo- 
nents may be extremely difficult to keep out of the 
ground system. 

If switchers cannot be avoided for high-speed designs, 
they should be carefully shielded and located as far 
away from the "action” as possible, and their outputs 
should be filtered heavily. 


ABOUT 1C DESIGNS 

There is often a difference in implementing designs 
using high-precision 1C circuits vis-a-vis p-c card designs 
using modules or hybrids. Some ICs are specifically de- 
signed to keep analog and digital grounds separated 
within the device, because they would be unable to per- 
form their functions properly without the separation. 

Recognizing this, 1C manufacturers are generally very 
careful in detailing how to obtain optimum performance 
from their devices. Those details of the application notes 
frequently instruct the user to connect analog and digital 
grounds for the device together externally; when they 
do, the connection needs to be made as closely as pos- 
sible to the device. In other, much rarer, instances, the 
characteristics of an individual device — or system — may 
require some remote connection of the grounds. 

The best approach for getting optimum performance 
from any device is to follow diligently the recommenda- 
tions of the manufacturer. If the recommendations are 
missing or vague, ask for them. 

Logical signal flow generates logical treatment of 
ground paths and ground connections- a logical way to 
prevent potential problems. 
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Designer's Guide to Flash-ADC Testing 
Part 1 

Flash ADCs Provide the Basis for High Speed Conversion 

by Walt Kester 


Building high-performance circuits that take advan- 
tage of the high sampling rates of flash ADCs requires 
a knowledge of these converters’ many intricacies. Part 
1 of this 3-part series discusses the pitfalls of designing 
with flash ADCs , how to evaluate certain data-sheet 
specifications , and how to choose external components 
that complement your particular converter. Parts 2 
and 3 will explore test and measurement methods that 
you can use to verify a converter’s performance in 
your system. 


Walt Kester, Computer Labs Div , 

Analog Devices 

To digitize analog signals whose bandwidths exceed 1 
MHz, you’ll probably need flash ADCs. Many flash 
converters with 4 to 10 bits of resolution are now avail- 
able, thanks to recent advances in VLSI process tech- 
nology and design techniques. However, to use these 
converters successfully at the high sampling rates that 
they provide, you must take into account and compen- 
sate for a variety of flash-converter characteristics. 

The basic features of most flash converters are 
shown in Fig 1. A flash ADC simultaneously applies 
an analog-input signal to 2 N -1 latched comparators, 
where N is the number of the converter’s output bits. 
A resistive voltage divider generates each compara- 
tor’s reference voltage and sets each reference level 1 


LSB higher than the level of the comparator immedi- 
ately below it. Comparators that have a reference volt- 
age below the input-signal level will assume a logic 1. 
The comparators with a reference voltage above the 
level of the input signal will produce a logic 0. A secon- 
dary logic stage decodes the thermometer code that 
results from the 2 N - 1 comparisons. An optional output 
register latches the decoding stage’s digital output for 
one clock cycle. 

Timing is everything 

One of the first difficulties you’ll encounter when 
using flash converters is removing valid data from the 
converter. In practice, the comparator bank has two 
states controlled by a conversion-command signal. 
Various converters call this command the convert, the 
encode, or simply the clock command. When this signal 
is in its convert-command state, the comparators track 
the analog-input signal, and during this time the output 
data is invalid. When the command line changes state, 
it latches the comparator outputs. Valid output data 
is now available for transfer to an external register. 
You’ll find most flash converters somewhat sensitive 
to the duty cycle and frequency of this command pulse. 
In other words, the performance of the converter, spe- 
cifically its differential and integral nonlinearity per- 
formance, is related to the clock’s duty cycle and fre- 
quency. Performance degradation is especially pro- 
nounced when you run the device at or near its maxi- 
mum sampling rate. 


Reprinted from EDN, January 4, 1990. 


APPLICATION NOTES 11-169 



Because of recent advances in VLSI process- 
ing and design techniques, many flash con- 
verters that have from 4 to 10 bits of resolu- 
tion are available. 


The way you handle the binary output depends on 
whether the converter has an internal output latch. 
Without a latch, the data will be invalid for a period 
equal to the sampling clock’s pulse width. At high sam- 
ple rates, the data-invalid time will impinge on the 
data-valid time, making it difficult for you to strobe 
the flash converter’s output into an external register. 
For instance, if you operate a flash converter at 100M 
samples/sec with a 50%-duty-cycle sampling clock, the 
output data will be valid for only 5 nsec. When you 
consider the finite rise and fall time of the output bi- 
nary bits, this short time doesn’t leave you much lee- 
way, even if you use the fastest external logic. In fact, 
you may ultimately lose data. The addition of an inter- 
nal output latch simplifies clocking of the output data, 
because the output data is valid for approximately the 
entire clock cycle. In return for a longer data-valid 
time, you’ll have to accept an inherent 1-cycle or more 
pipeline delay — an acceptable compromise in most sys- 
tems applications. 

Try to place an appropriate buffer register next to 
the flash converter. If you route the converter’s digital 


output directly to a backplane data bus through a card- 
edge connector, signal coupling between the digital- 
output signals and analog input will degrade the S/N 
ratio and harmonic performance. 

In many high-speed data-acquisition designs, you’ll 
need a large and fast buffer memory to store the output 
data. A 500M-sample/sec converter can fill 1M byte of 
memory in 2 msec. To reduce the required speed — and 
thus the cost — of the memory, you can demultiplex the 
high-speed data stream (Fig 2), which slows it to fre- 
quencies compatible with cost-efficient CMOS RAMs. 
Fig 2’s circuit clocks the two output registers at half 
the sample rate, and it latches data in each register 
180x out of phase from the other. Some flash converters 
that operate in excess of 200 MHz have onboard de- 
multiplexing for added convenience. 

All that sparkles isn’t gold 

So far, these timing difficulties refer to how you 
deal with the converter’s output data. But flash con- 
verters can have internal problems as well. Low input 
frequencies can cause comparator metastability, and 


Fig 1 — Flash converters contain a bank of 

2 s — 1 comparators, where N is the number 
of output bits. Decoding logic transforms the 
comparator outputs into the appropriate N- 
bit result. Timing and input characteristics 
of the converter, such as mismatched com- 
parator delays, mismatched ladder resistors, 
and nonlinear input capacitances, are just 
a few sources of converter errors. 
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high input frequencies can lead to errors caused by 
slew-rate and delay mismatches. All of these errors 
may manifest themselves as sparkle codes in a poorly 
designed flash converter. 

Sparkle codes are random errors whose magnitude 
may approach the full-scale range of the converter. 
The term refers to the white dots or “sparkles” that 
appear against a gray background when the ADC out- 
put drives a video display. There are two sources of 
sparkle codes: comparator metastable states and ther- 
mometer-code bubbles. 

A comparator metastable state occurs if the com- 
parator output falls between the logic-0 and logic- 1 
threshold of the digital decoding logic. If the threshold 
uncertainty region has a width of AV L and the compara- 
tor has a gain of A, then the error probability P m is a 
uniformly distributed value that’s equal to 



where q is the weight of the LSB. 

A latched comparator in a flash converter has a re- 
generative gain of 

A=A 0 e t ' T 

when t>0, and 

A= A 0 


when t<0. t equals the regeneration-time constant, 
and t is the time after the application of a latch com- 
mand. The probability of a metastable state, P m , for a 
regenerative comparator bank driving decoding logic is 


The magnitude of the sparkle code depends on the 
location of the metastable comparator in the compara- 
tor bank and on the logic-decoding scheme. For in- 
stance, the 128th comparator determines the MSB of 
an 8-bit flash converter with straight binary decoding 
logic. If this comparator’s output is in a metastable 
state, the decoding logic may mistakenly convert the 
input voltage whose correct binary representation is 
01111111 to 11111111, producing a full-scale error. If 
the comparator bank’s thermometer-code output is first 
decoded into Gray code, latched, and then converted 
into binary code, the metastable error is reduced to 1 
LSB, regardless of the comparator in error. Flash con- 
verters, however, rarely use this scheme because of 
the ripple-through time and the increased logic density 
of the Gray-to-binary circuitry. Instead, converter de- 
signers often use “pseudo-Gray” decoding techniques 
to eliminate the delay time associated with traditional 
Gray-to-binary circuits. 

Note that the probability of a metastable-state error 
increases as the time-after-latch, t, decreases (assum- 


Fig 2 — Flash converters can operate at ex- 
tremely high sample rates. Thus, you must 
have an output register that can handle this 
fast data. By demultiplexing the converter’s 
outputs, you can slow the data to a rate that’s 
compatible with standard CMOS memory. 
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One of the first difficulties you’ll encounter 
when using flash converters is removing 
valid data from the converter. 


ing a constant value of t). This implies that the flash 
converter is more apt to produce metastable-state er- 
rors as you increase the sampling rate, because t must 
decrease correspondingly. Most manufacturers reduce 
metastable comparator states by minimizing the regen- 
eration-time constant, t. Lower regeneration-time con- 
stants result in higher power dissipation, which is one 
reason why many high-speed flash converters are 
power-hungry devices. 

Thermometer-code bubbles are another potential 
source of sparkle codes. A well-behaved flash con- 
verter’s comparator bank produces a specific sequence 
of ones up to a certain point in the input range of the 
converter, and it produces a sequence of zeros beyond 
that point. The decoding logic then assigns a binary 
number to the thermometer code. For low-frequency 
inputs, most flash converters’ comparator banks are 
well behaved. At high speeds, however, delay mis- 
matches among comparators may produce out-of-se- 
quence ones and zeros in the thermometer code. The 
decoding logic then assigns an error binary code to 
these out-of-sequence points, or bubbles, which also 
result in sparkle codes. Again, proper comparator de- 
sign and more sophisticated decoding-logic circuitry 



this figure illustrate, the SIN ratio starts to degrade well below each 
device's maximum sampling rate. (Note that these curves are based 
on test sampling rates that are somewhat lower than each device's 
maximum possible rate.) 


within the ADC itself can reduce these errors to accept- 
able levels. 

These comparator-timing errors degrade both the 
differential and integral linearity of a flash ADC as the 
input slew rate increases. In addition to static errors, 
such as missing codes and sparkle-code errors, slew- 
rate limitations manifest themselves as dynamic errors, 
such as increased harmonic distortion and degradation 
in the S/N ratio. Ideally, a flash converter should main- 
tain its static performance specifications across the full 
Nyquist bandwidth, and certain applications demand 
full performance beyond the Nyquist bandwidth. The 
theoretical, rms S/N ratio for an N-bit ADC is given 
by the well-known equation 

S/N ratio = 6. 02N +1.76 dB. 

However, as shown in a typical plot of S/N ratio 
versus input frequency for actual flash converters (Fig 
3), the S/N ratio degrades as the input frequency in- 
creases. This degradation starts well below these con- 
verters’ maximum sampling rates. The left vertical axis 
of Fig 3 shows the S/N ratio in another term: effective 
number of bits. The effective number of bits is simply 
the value of N when you solve the above equation using 
a specific value for the S/N ratio. Aperture jitter (sam- 
ple-to-sample variations in the effective-sampling in- 
stant) can also cause degradation in the overall S/N 
ratio for high-slew-rate inputs. Jitter can be internal 
or external to the converter. Part 3 of this series will 
cover this topic in more detail. To minimize externally 
produced jitter components, you should always practice 
proper grounding, power-supply-decoupling, and pc- 
board-layout techniques. 

Watch for dangerous data-sheet territory 

Most of the timing difficulties and error sources dis- 
cussed so far are common to all flash converters. How- 
ever, each converter features its own unique design 
and specifications; thus the data sheets require scru- 
tiny. Don’t be fooled into believing that sampling rate 
and input bandwidth are interchangeable; they’re dif- 
ferent specifications. It wasn’t until recently that you’d 
even find input bandwidth specified for an ADC. Even 
now, no accepted industry-wide definition exists for a 
flash converter’s full-power-bandwidth specification. 
Scrutinize the data sheet carefully and make sure you 
understand the manufacturer’s definition and test 
method. The full-power bandwidth of a traditional op 
amp is the maximum frequency at which the amplifier 
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can produce the specified p-p output voltage at a speci- 
fied level of distortion. Another commonly used defini- 
tion calculates the full-power bandwidth by dividing 
the amplifier’s slew rate by 2'ttV 0 , where the output- 
voltage range of the amplifier is ± V 0 . 

When you apply traditional analog-bandwidth defini- 
tions to flash converters, the results can be misleading. 
The dynamic-error sources previously discussed may 
become predominant long before the comparator front 
end approaches its maximum bandwidth. If you use a 
common definition of full-power bandwidth as the fre- 
quency at which the p-p reconstructed-sine-wave out- 
put is reduced by 3 dB for a full-scale input, then the 
effective number of bits (S/N ratio) at this input fre- 
quency may render the flash converter useless in your 
system. Thus, to get a true idea of a converter’s per- 
formance, you must consider both the full-power band- 
width and the effective number of bits (S/N ratio) at 
a specific sampling rate. 

Another definition you’ll encounter occasionally for 
full-power bandwidth is the maximum, full-scale input 
signal at a specified sampling rate that produces no 
missing codes. Using this definition always gives the 
most pessimistic number, so specifications based on 
this definition appear on only a few data sheets. The 
following is a recently proposed definition for full- 
power bandwidth (courtesy Chris Manglesdorf, a sen- 
ior scientist at Analog Devices): the frequency at which 
the fundamental component of the reconstructed FFT 
output — excluding harmonics — is reduced by 3 dB from 
full scale. 

Just when you think you’ve mastered the intricacies 
of flash ADCs, you’ll realize that you have another 
component to worry about: the input buffer amplifier. 


Fortunately (or unfortunately depending upon your 
perspective), the flash converter — not the amplifier — 
usually limits the converter’s dynamic performance. 
A flash converter typically digitizes a signal from a 
50, 75, or 930 bipolar or unipolar source. If the input 
range of the flash converter is incompatible with the 
signal, then you’ll clearly need a wideband op amp to 
generate the required gain and offset (Fig 4). In addi- 
tion, the input capacitance of some flash converters 
may vary as a function of the analog input’s signal 
amplitude. Therefore, so that the nonlinear capacitance 
doesn’t produce undesirable harmonics in the digitized 
signal, you’ll need to use a buffer amplifier for isolation. 
For certain flash converters, the input capacitance is 
so high that a buffer amplifier is needed just to pre- 
serve the signal bandwidth. 

A good choice for the buffer is a high-speed transim- 
pedance amplifier. These amplifiers have high band- 
widths and flat frequency responses over a broad range 
of input frequencies. Also, many transimpedance am- 
plifiers exhibit extremely low distortion. Pairing the 
right amplifier with your converter is important. For 
instance, Fig 3 shows the S/N ratio of various convert- 
ers plotted along with the harmonic distortion of the 
AD9617. Since the THD of the amplifier is better than 
the S/N ratio of the converters, the amplifier won’t 
degrade the flash converters’ performance over the 
major portion of their usable bandwidth. 

Another factor to consider when driving the input 
of flash converters is the input-signal polarity. Positive 
input signals, which forward bias the substrate diode, 
can damage a converter that has a unipolar, negative 
input-voltage range. Installing an external Schottky 
diode provides effective protection. 


Fig 4 — If the voltage range of the analog 
signal and the input range of the ADC aren't 
compatible, you'll have to adjust the gain 
using R, and Rj and also adjust the input 
signal's offset. Because of the substantial 
value and the often nonlinear nature of a 
flash converter's input capacitance, you 
must choose an appropriate drive amplifier 
and value for R s . 
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Ideally, a flash converter should maintain 
its static-performance specifications across 
the full Nyquist bandwidth, but in reality 
ADCs fall far short of this ideal. 


The flash converter’s input capacitance and the drive 
amplifier’s isolation resistor, R s , form a lowpass filter. 
Typical series-resistor and input-capacitance values of 
100 and 20 pF create a single-pole lowpass filter that 
has a bandwidth of 800 MHz. However, if the input 
capacitance changes from 20 to 15 pF over the input 
range of the converter, then an attenuation error of 
1.4% occurs for a 50-MHz input signal. This 1.4% non- 
linearity will produce 37 dBc of harmonics. (The unit 
dBc refers to the number of dB between the signal 
you’re measuring and the carrier frequency). If you 
minimize the value of R s and still maintain op-amp 
stability, you can reduce the attenuation error caused 
by these lowpass filtering effects. The signal depend- 
ence of input capacitance is rarely specified, but as 
converters move toward higher band widths, you can 
expect to see this parameter on more data sheets. 

Few, if any, flash converters contain an internal volt- 
age reference, so in addition to an external drive ampli- 
fier, you must also design your own voltage-reference 
generator. Fig 5 illustrates a typical -2V, unipolar 
reference- voltage circuit for a flash converter. A buffer 
transistor is necessary because the resistance of the 
converter’s ladder string is usually fairly low. The total 
reference-ladder resistance of a flash converter de- 
pends heavily on the fabrication process and may vary 
considerably from device to device. Also, the ladder’s 
resistance may exhibit a large temperature coefficient. 


If the flash converter allows bipolar operation, then 
you’ll have to generate two reference voltages. The 
circuit in Fig 6 allows great flexibility in setting both 
the gain and the offset of a bipolar flash converter, 
and it operates on ±5V power supplies. A few flash 
converters provide a sense pin for the voltage refer- 
ence. You can use this pin to compensate for the volt- 
age drop caused by the package’s pin and bond-wire 
resistances, as shown in the bipolar-reference circuit 
in Fig 6. In addition, some ADCs give you access to 
one or more taps along the internal, reference-ladder 
resistor string. To achieve better integral linearity, 
you can drive these taps from low-impedance sources. 

Improve dynamics with T/H amplifiers 

As previously discussed, the effective-sample time- 
delay variations among the latched comparators de- 
grade the S/N ratio and the harmonic performance. 
You can visualize the individual comparators within 
an array as having variable delay lines in series with 
their latch-strobe inputs. To understand the effect of 
this delay on performance, consider an 8-bit, 100M- 
sample/sec flash converter that’s digitizing a full-scale, 
50-MHz sine-wave input. You can express the sine 
wave as 

v(t)=V P sin27rft. 



Fig 5 — Flash converters don't have internal references, so you must design them externally. This particular circuit provides a stable 
-2V reference for a unipolar converter. 
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To improve flash -converter performance at 
sampling rates as high as 25 MHz, you 
can use front-end T/H amplifiers to imple- 
ment a “track-and-slow-down” approach. 


The maximum rate-of-change of this signal occurs at 
the zero-crossing point and is equal to 

=2rfy P =^| 

dtlmax p At I max. 

By solving this equation for At max , you obtain 

At — 
m “ 27rfVp- 

If the input- voltage range of the flash converter is 2 V, 
or V P = IV, then the LSB weight is 8 mV for an 8-bit 
ADC. For the flash converter’s error to be less than 
1 LSB, At max must equal 25 psec. The effective-sample 
delay mismatch between comparators can’t exceed this 
value. If the mismatch is greater, a 50-MHz, full-scale 
sine-wave input will produce missing codes in the con- 
verter’s output. 

Placing an ideal track-and-hold (T/H) amplifier ahead 
of the flash converter theoretically would eliminate this 
problem, because the flash converter basically would 


be digitizing a dc input. In actual practice, T/H amplifi- 
ers aren’t ideal, especially at high speeds. The signal 
presented to the flash converter is still changing, al- 
though at a slower rate. Nevertheless, this “track-and- 
slow-down” approach can improve the flash-converter 
performance at sampling rates as high as approxi- 
mately 25 MHz. At sampling rates above 25 MHz, the 
T/H circuit needs to be mounted on the same substrate 
as the flash converter in a suitable hybrid package. 
Monolithic T/H amplifiers in hybrid packages with 8-bit 
flash converters have successfully achieved 7 effective 
bits at Nyquist inputs and at sampling rates of 250 
MHz. These hybrid packages exact a penalty of higher 
cost and power consumption, however. 

You’ll find it difficult to select an appropriate dis- 
crete T/H amplifier, because the interaction between 
the T/H amplifier and the flash ADC is hard to predict. 
You should evaluate key T/H amplifier specifications 
such as acquisition time, full-power bandwidth, slew 
rate, and harmonic distortion. Harmonic-distortion 
specifications typically are provided for the track mode. 
The T/H amplifier’s performance may be considerably 



Fig 6— This reference generator far a bipolar flash converter uses the sense pins provided by the resistor ladder to compensate far the 
voltage drops in the package’s pm and bond-wire resistances. 
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worse than the stated specifications when the amplifier 
is in the hold mode and actually driving a flash con- 
verter. Also, the loading effects of the converter may 
degrade the T/H amplifier’s performance. In addition, 
obtaining the optimum relationship between the vari- 
ous timing pulses that drive the T/H amplifier and the 
flash converter may require considerable experimenta- 
tion. 

Because of these many difficulties, the current goal 
of many ADC manufacturers is either to provide flash 
converters whose dynamic performance is acceptable 
without a T/H function, or to integrate the T/H function 
and converter on the same chip. In either case, manu- 
facturers can fully specify the ADC for dynamic per- 
formance and spare you the somewhat difficult design 
problems associated with interfacing the T/H amplifier 
to the converter. 


The knowledge of internal ADC features and the 
requirements these ADCs place on external circuits 
should guide your initial design efforts. But once you 
finish the design and build your circuit, you’ll want to 
ensure that the combined performance of your con- 
verter and its support circuits meets your require- 
ments. Part 2 will discuss various DSP-based test 
methods that are particularly effective in flash-con- 
verter testing. EDN 
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Designer's Guide to Flash-ADC Testing 
Part 2 

DSP Test Techniques Keep Flash ADCs in Check 

by Walt Kester 


By testing your flash A/D converter, you can ensure 
that it’s faithful to all the specifications listed on its 
data sheet. Part 2 of this 3-part series presents a num- 
ber of methods, including sine-wave curve fitting and 
the FFT, that you can use to test flash converters. 
Readily available benchtop instruments or personal 
computers are the only equipment that you'll need to 
use these methods. 


Walt Kester, Computer Labs Div , 

Analog Devices 

It’s important to know how your flash A/D converter 
will perform in real-world applications. Therefore, you 
may want to perform any one of a variety of tests on 
your converter to determine its deviation from ideal 
performance. As Part 1 of this series discussed, flash 
ADCs exhibit errors due to static and dynamic non- 
linearities, and these errors increase as the input sig- 
nal’s slew rate increases. Thus, the actual S/N ratio 
will fall short of the converter’s theoretical value. Even 
if you don’t apply these tests yourself, becoming famil- 
iar with them will help you evaluate data-sheet specifi- 
cations more accurately, because many manufacturers 
use these same methods. 

Another reason you may want to test your flash 
converter is to gain information that the manufacturer 
doesn’t provide. Specifications such as S/N ratio and 
its related effective number of bits are key in all appli- 
cations and are normally specified, but other specifica- 
tions that are more important for your particular appli- 
cation may not be included on the data sheet. For 

Reprinted from EDN, January 18, 1990. 


example, video designs typically require that you know 
a converter’s differential phase and gain (Ref 1). Com- 
munications systems may even depend on esoteric 
specifications such as the spurious-free dynamic range, 
which isn’t available on many data sheets. 

For a full-scale sine-wave input, the theoretical rms- 
signal to rms-quantization noise ratio is 

S/N RATIO = 6. 02N + 1 . 76 dB, 

where N equals the number of bits (Ref 2). The rms 
quantization-noise voltage for an ideal ADC within the 
Nyquist bandwidth is q/Vl2, where q is the weight 
of the LSB expressed in volts. 

The most popular method for extracting a flash con- 
verter’s S/N ratio and effective number of bits is 
through discrete Fourier transforms (DFTs). Today, 
you can perform sophisticated DSP tests with PC- 
based test systems and standard software packages. 
The test system in Fig 1, for example, can execute a 
1024-point FFT in less than one second. Most of the 
hardware you’ll need is available as plug-in boards for 
the PC. However, you’ll have to do a fair amount of 
work before you can begin to use a PC-based test 
system. First, you’ll need to design a high-speed 
buffer-memory board to capture the data from the flash 
ADC. Typically, you’ll need to use high-speed static 
CMOS or ECL RAMs. Second, plan to design an appro- 
priate logic interface to connect this buffer memory 
to the digital I/O card of the PC. 

Another hardware feature you might consider is an 
evaluation board, which certain manufacturers of 
video-speed ADCs supply to ease design testing. Many 
evaluation boards contain reference voltages, power- 
supply decoupling, timing circuits, output registers, 
and connectors. The evaluation boards usually have a 
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DSP test techniques determine your con- 
verter’s deviation from ideal performance, 
and they even tell you certain specifications 
that the ADC’s data sheet doesn’t. 


matching reconstruction DAC. In most cases, the 
manufacturer has optimized the design of these boards 
so that your ADC test won’t be corrupted by faulty 
or poorly designed support circuits. 

Your software must include a program to capture 
the data and then load it into the memory of the PC. 
If you plan to use FFT analysis, you must link a stan- 
dard FFT software package to your test program. You 
may also have to generate a look-up table to store any 
special weighting functions required by your particular 
sampling scheme. Also, adding a coprocessor card will 
speed up the thousands of multiplications that FFT- 
based analysis requires. 

If you don’t have the time or the energy to build 
your own test system, consider one of the benchtop 
instruments available from a number of instrumenta- 
tion manufacturers. These turnkey systems typically 
utilize a high-speed logic analyzer to capture data. Be- 
cause menu-driven software allows you to select from 
a variety of tests, you incur practically no hardware 
or software development time. 

To test a flash ADC using Fourier analysis, you 
must apply a spectrally pure sine wave to the converter 
and store a number of contiguous output data samples. 
Then, using DFT techniques, your test program calcu- 
lates the rms-signal and rms-noise content and deter- 
mines the ratio of the two. Noise calculations using 
DFT techniques include not only the converter’s quan- 
tization noise but also the harmonics of the input sine 
wave. In addition, harmonics that fall outside the 


Nyquist bandwidth are aliased back into the Nyquist 
bandwidth because of the sampling process. Thus, to 
achieve accurate and repeatable results, the purity of 
the sampling clock and the input sine wave is critical. 

You can use either coherent or noncoherent sampling 
to evaluate the ADC performance. Coherent sampling 
simply means that your record of samples contains an 
integer number of sine- wave input cycles. Alterna- 
tively, noncoherent sampling produces a record that 
contains noninteger multiples of the input. You must 
choose between these sampling schemes based on the 
type of input data you expect. Coherent testing is more 
suited to a laboratory environment when you know 
the precise frequency content of an input signal, and 
it requires careful attention in the selection of the input 
and sampling frequencies. Noncoherent testing yields 
a better representation of ADC performance in a real- 
world application such as spectral analysis, because 
the precise frequency content of the signal being digi- 
tized is a mystery. 

However, whenever the number of time samples 
doesn’t contain an integer number of input cycles (non- 
coherent testing), you’ll have to time- weight the sam- 
ples to reduce frequency side lobes. Without weight- 
ing, discontinuities will cause the main lobe’s energy — 
the fundamental — to leak into many other frequency 
bins. The term “bins” refers to the spaces between 
spectral lines or spectral peaks. The number of bins 
for a particular spectrum equals the sampling fre- 


Fig 1 — This DSP test system for a flash 

ADC can execute a 102U : point FFT in less 
than one second, but the system requires a 
significant design effort.. Hardware require- 
ments include a high-speed buffer memory 
and logic interface between this memory and 
your PC. Software requirements include a 
program , to capture the data and load it into 
the memory of the PC, as well as a link 
between your test program and a standard 
FFT software package. 
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quency divided by the record length, or f s /M. The leak- 
age of the signal from the central bin to side-lobe bins 
makes accurate spectral measurements impossible — 
you simply can’t distinguish the frequency bins that 
contain actual signal information from those that con- 
tain noise. Another reason to time-weight the samples 
is that the end user of your A/D-conversion system 
may be interested in the performance of the ADC using 
an identical or similar window. 

Noncoherent sampling involves fewer input- and 
sampling-frequency restrictions than coherent sam- 
pling does, but it requires careful attention in the selec- 
tion and use of the weighting function. Also, to prevent 
masking out harmonics of the fundamental, avoid using 
inputs that are integer submultiples of the sampling 
frequency. If your input frequency is an integer 
submultiple of the sampling frequency, the quantiza- 
tion noise, q/Vl2, will be concentrated in the harmon- 
ics of the input frequency rather than uniformly distrib- 



BINS FROM SIDE-LOBE 

CONTINUOUS FUN DAMENTAL ATTENUATION (dB) 

FOURIER 2.5 32 

TRANSFORMATION - 6 dB 5.0 50 



Fig 2 — When the record of samples doesn’t contain an integer 
number of input cycles — that is, when you’re using noncoherent 
sampling — you must precondition the data with a weighting func- 
tion . The Hanning window shown here in the time domain (a) and 
the sampled-frequency domain (b) is a popular weighting function. 


uted across the Nyquist bandwidth. Ultimately, this 
condition leads to incorrect harmonic-distortion test re- 
sults. 

One popular weighting function is the Hanning win- 
dow (Ref 3), which is described by the equation 

W„=0.5-0.5 cos 

where W n is the weighting coefficient for the nth data 
sample, and M is the total number of samples. Fig 2 
graphically depicts the Hanning window in both the 
time and the frequency domains. 

To calculate the S/N ratio, you have to decide the 
number of frequency bins to include in the fundamental 
and the number of bins to consider as noise. As Fig 2 
shows, you can correlate the amount of side-lobe at- 
tenuation with the lobe’s distance, in terms of bins, 
from the fundamental bin. Fig 2b includes a table that 
lists some of these values. You’ll have to make your 
decision based on the theoretical S/N ratio of the con- 
verter you’re testing. 

For example, an 8-bit converter has a theoretical, 
maximum S/N ratio of approximately 50 dB. In order 
to ensure that the side-lobe energy doesn’t cause an 
artificially high noise measurement (and hence an artifi- 
cially low S/N-ratio measurement), you should include 
at least 10 frequency bins on either side of the funda- 
mental when calculating the signal level. (Simply take 
the square root of the sum of the squares of all 21 bins 
as your signal level.) Now, any side-lobe energy out- 
side this region will be at least 68 dB below the funda- 
mental signal level (18 dB below the theoretical, 8-bit 
quantization noise floor of 50 dB), and side-lobe leakage 
won’t significantly affect the accuracy of your S/N-ratio 
measurement. 

Other weighting functions may better suit your ap- 
plication. For example, Fig 3 compares the popular 
Hanning window’s spectral representation with the 
more sophisticated, minimum 4-term, Blackman-Harris 
type. For the same record length, the Blackman-Harris 
window provides better spectral resolution than the 
Hanning window, making it more suitable for critical 
spectral analysis, such as measuring 2-tone, third-order 
intermodulation-distortion products. The extra compu- 
tations for the Blackman-Harris window don’t lengthen 
processing time, because you calculate them only once 
and store them in a look-up table. 

As previously stated, you can use coherent sampling 
if you know the characteristics of your input signal and 
if you choose the sampling rate accordingly. Coherent 
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Today, you can perform sophisticated DSP 
tests with PC-based test systems and stan- 
dard software packages. 


sampling eliminates leakage and the need for window- 
ing (Ref 4); the spectral result of a coherently sampled 
signal is simply a single-frequency peak. Certain re- 
strictions apply to the choice of the sampling rate and 
the sine-wave frequency, however. First, you must 
observe the following ratio: 

kjk 

fs M* 

M c equals the number of integer cycles of the sine 
wave during the record period. For a whole number 
of cycles, M c must be an integer. To ensure that you 
don’t take repetitive data, M c should also be a prime 
number: 1, 3, 5, 7, 11, 13, 17, etc. By using prime 
numbers, you ensure that all samples during the record 
period are unique. When using coherent sampling, it’s 
mandatory that the ratio M c /M be constant. This re- 
quirement implies that you derive f s and f in from two 
locked frequency synthesizers. 


HANNING WINDOW 



MINIMUM 4-TERM 
BLACKMAN-HARRIS WINDOW 
M=1024 



Fig 3 — The Blackman-Harris windowing function (b) resolves 
closer peaks in a frequency spectrum than does the Hanning window 
(a). The mathematical expression for the Blackman-Harris window 
is more complex, but you only need to calculate the terms once and 
then store them in a look-up table. 


Calculate the DFT 

After selecting the record length and determining 
the weighting function (for noncoherent sampling), you 
must write your DFT test program. Your program 
must find the DFT of the sequence of weighted data 
samples for M/2 frequencies (the Nyquist frequency). 
Thus, the program should solve the following two equa- 
tions for the kth frequency: 



27rk(n-l) 1 

M J 


277k(n-l) 1 

M J* 


In these equations, A k and B k represent the magni- 
tudes of the cosine and sine parts of the kth spectral 
line; n is the number of time samples; W n is the weight- 
ing function; D n is the amplitude of the time-function 
data point; and k is the number of a spectral line. The 
total magnitude of the kth spectral line is 


MAGNITUDE K =VA k 2 + B k 2 . 


The program’s results yield M/2 components, which 
are the frequency-domain representation of the M time 
samples. The resolution or spacing between the spec- 
tral lines, Af, equals f s /M and is the bin size or bin 
width. 

Typically, you should select the number of time sam- 
ples (M) to be between 256 and 4096, depending on 
the desired resolution and the size of the buffer mem- 
ory. M must be equal to an integer that’s a power of 
two. If you’re using noncoherent sampling, you can 
compress leakage around the main lobe by using a 
larger record length, thereby leaving a larger percent- 
age of the Nyquist spectrum uncontaminated. For ex- 
ample, the Hanning weighting leakage is ±10 bins 
from the fundamental for 68-dB side-lobe suppression. 
If the record length is 256, then the leaky fundamental 
occupies 20 bins out of 128 spectral components, or 16% 
of the digital spectrum. When M equals 1024, the per- 
centage reduces to 20/512, or 4%. 

In practice, you can use one of the many FFT algo- 
rithms to simplify and speed the DFT calculations (Ref 
5). An FFT algorithm will produce the same results 
as the DFT equations above, and the computation time 
is much faster. 
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The discrete Fourier transform is the most 
popular method for determining a con- 
verter’s true S/N ratio and effective num- 
ber of bits. 


Verify the FFT 

Consider the noise floor when verifying the FFT. 
Assuming that the round-off error contributed by the 
DSP-noise calculation (the error caused by using a fi- 
nite number of bits in the FFT multiplications and 
additions) is negligible, the rms-signal to rms-noise 
level in a single frequency bin of width Af is 

S/N RATIO pft = 6.02N+1.76 dB+10 LOG 10 00. 

This equation represents the FFT noise floor. You 
should choose M so that any spurious components you 
want to resolve lie at least 10 dB above this floor. 

Basic software can easily .generate an ideal N-bit 
sine wave by using the Integer (INT) function to trun- 
cate the value to the proper resolution. For instance, 
an input signal of frequency f in is equal to 

V q =V 0 sin 

where n is the nth time sample for an ADC that has 
infinite resolution. You can calculate the corresponding 
quantized value using 

/ ?7 

V q (n)=IN T ( y°p f s J, 

where q = 2Vo/2 N . Substituting this expression for q 
in the above equation yields 

V,(n)=INT [V- 1 sin p^ 8 )]- 

The INT function simply truncates the fractional por- 
tion of V q (n). 

To check the dynamic range of the FFT, calculate 
the S/N ratio by using 6.02N + 1.76 dB for increasing 
values of N and observing the point at which the S/N 
ratio no longer increases by 6.02 dB/bit. The sine-wave 
input to the weighting function and the FFT are more 
ideal as N approaches infinity. By making N arbitrarily 
large, you can greatly reduce quantization-error effects 
and analyze the true noise floor of the FFT. You can 
also examine the characteristics of the weighting func- 
tion. 

Match the sine wave to a curve 

Another test method to use with flash ADCs is sine- 
wave curve fitting. You perform this test after the 
ADC digitizes the sine wave and after your test system 
stores the data in its memory. A record length of 1024 
samples is usually sufficient. The software then calcu- 


lates the best-fit, ideal N-bit sine wave to match the 
data points, based on the sine wave’s amplitude, offset, 
frequency, and phase required to minimize the rms 
error between the actual and the ideal sine wave (Refs 
6 and 7). This method also requires that the input 
sine-wave frequency contains no subharmonics of the 
sampling rate. If you know the precise sine-wave fre- 
quency, the curve-fit algorithm is much simpler than 
the FFT method, and the probability that the algo- 
rithm will converge is higher. 

After the software computes the rms error, Q A , be- 
tween the ideal sine wave and the actual sine wave, 
you can calculate the effective number of bits by using 


EFFECTIVE 
NUMBER OF BITS 


=N-LOG 2 



where Q T is the theoretical rms quantization error, 
q/Vl2. This measurement includes errors due to differ- 
ential nonlinearity, integral nonlinearity, missing 
codes, aperture jitter, and noise, in addition to the 
quantization noise. 

The effective number of bits that you calculate using 
the sine-wave curve-fitting method correlates with the 
value of the full-scale, FFT S/N-ratio measurement 
obtained using the equation 

EFFECTIVE _S/N RATIO AC tuai -1.76 dB 
NUMBER OF BITS 6.02 


However, if you measure the effective bits of a sine- 
wave input signal whose amplitude is less than full 
scale, you must include the following correction factor 
in the above equation to achieve correlation between 
the two methods: 

E gSBS , - aa ™ g .-i.76dB 

OF BITS b * UZ 


+ LEVEL OF SIGNAL BELOW FULL SCALE (dB) 

6.02 

One useful method for reducing the effects of the 
D/A converter in making gross back-to-back measure- 
ments on an ADC is the beat-frequency method. Fig 
4 illustrates a basic test setup. This test method 
stresses the converter with a near-Nyquist signal and 
drives the converter at its maximum sampling rate. 
Thus, the analog-input sine wave should be slightly 
lower in frequency than half the sampling frequency. 
The test system updates the registers that drive the 
DAC at an even submultiple of the sampling rate, f s /N, 
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Coherent testing is more suited to a labora- 
tory environment; noncoherent testing more 
closely represents ADC performance in the 
real world. 


where N is a power of 2. (N is not the ADC’s resolu- 
tion.) The resulting signal from the DAC is a low- 
frequency sine wave whose exact frequency equals the 
difference between half the sampling rate and the ana- 
log-input frequency. As Fig 4 shows, you should clock 
the DAC at a much lower rate, f s /N — known as the 
decimation rate — thereby reducing the effects of 
glitches and other dynamic errors. 

You can use the beat-frequency method to make 
signal-to-noise measurements over the Nyquist band- 
width, f s /2N. You also can examine the low-frequency 
beat on an oscilloscope for missing codes and other 
nonlinearities. To measure the harmonic content of the 
beat frequency, you can use a low-frequency spectrum 
analyzer. The harmonics of the low-frequency beat are 
directly related to the harmonics of the analog-input 
frequency. A beat frequency of a few hundred kilohertz 
works well. To prevent jitter on the low-frequency 
beat signal, you must derive both the analog-input sine 
wave and the sampling frequency from frequency syn- 
thesizers or crystal oscillators. 

This beat-frequency test is also effective in measur- 
ing the flash converter’s performance for input signals 
near the sampling frequency. The performance under 
these conditions is useful for radar in-phase and quad- 
rature-phase systems and in IF-to-digital conversion. 
To perform this test, set the ADC’s analog-input fre- 
quency to slightly less than the sampling rate. The 
circuit generates a low-frequency beat even if the DAC 
updates at the sampling rate. However, updating the 
DAC at f s /N reduces the effects of DAC dynamic errors 
on the measurements . 

You can use DSP techniques and FFTs to analyze 
Fig 4’s decimated data for a wide range of input fre- 


quencies. You do have to remember the rules of ali- 
asing, however, to know where to expect the funda- 
mental signal to show up in the FFT output spectrum. 
You may think your FFT is sampling your signal at a 
rate of f s /N, but the converter is actually sampling at 
a rate of f s . 

Once you understand how to use these various tech- 
niques, you can start to probe your particular converter 
to measure its real performance. Part 3 will discuss 
how you apply these techniques to actually test an 
ADC in your system and determine a number of static 
and dynamic specifications. EDN 
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Fig 4 — The beat-frequency test stresses the 
converter with a near-Nyquist input signal, 

and it drives the converter at its maximum 
sampling rate. You can then examine the 
low-frequency beat on an oscilloscope and 
search for missing codes and other non- 
linearities. 
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Designer's Guide to Flash-ADC Testing 
Part 3 

Measure Flash-ADC Performance for Trouble-Free Operation 

by Walt Kester 


The first two parts of this series described 
the subtleties of flash A/D converters and 
the test methods used to evaluate these de- 
vices. Part 3 concludes the series with a 
discussion of the actual measurements you’ll 
need to fully characterize flash A/D con- 
verters. 


Walt Kester, Analog Devices 

Although manufacturers have expanded the number 
of guaranteed specifications they put on their data 
sheets, the test conditions often won't match those of 
your system design. You can use the methods de- 
scribed in Part 2 of this series to test a flash A/D 
converter, but the measurements you need to perform 
depend on the converter’s primary application. This 
final part of the series provides information on impor- 
tant measurements you’ll need to characterize your 
converter’s performance, including total harmonic dis- 
tortion (THD), differential and integral nonlinearity, 
and noise power ratio. You’ll probably want to start 
with the S/N ratio, a measurement that’s common to 
most A/D converter applications. 

The S/N ratio is the ratio of the rms fundamental 
to the rms quantization noise. As described in Part 2, 


you can measure this parameter by digitizing a pure 
sine wave and performing Fourier transformations on 
the data. The rms energy contained in the fundamental 
sine wave is equal to the square root of the sum of the 
squares of the peak value and the values of the appro- 
priate number of samples, or bins, located on either 
side of the peak. The converter’s resolution and its 
side-lobe roll-off characteristics determine the number 
of samples you’ll need. For a detailed explanation of 
sampling requirements, see Part 2. 

The rms energy in the remaining frequency bins 
represents the noise due to theoretical quantization, 
the converter’s harmonic distortion and excess noise, 
and the FFT round-off error. Take the square root of 
the sum of the squares of the remaining samples (ex- 
cluding the dc components) to determine the rms en- 
ergy. The overall S/N ratio of the A/D converter is 

S/N ratio = 20 log(rms signal level/rms noise level). 

You can measure harmonic distortion in a similar 
manner. The test program (described in Part 2) exam- 
ines the FFT frequency spectrum for the proper loca- 
tion of the desired harmonic (harmonics above fg/2 will 
be aliased into the baseband) and determines the rms 
energy in that harmonic. The following equation calcu- 
lates the harmonic distortion: 

Harmonic distortion = 20 log(rms signal level/rms 
harmonic level). 


Reprinted from EDN, February 1, 1990. 
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The S/N ratio and harmonic distortion are 
key specifications in evaluating the perform- 
ance of A/D converters. 


The total harmonic distortion (THD) is the root-sum- 
square of the first five harmonics of the fundamental. 
Use this number in place of the rms harmonic level in 
the above formula. 

Two-tone intermodulation tests using FFTs 

In many applications, you don’t have the simple case 
of a single input frequency. For example, in communi- 
cation applications that multiplex several frequencies 
onto a single carrier, you need to measure intermodula- 
tion products. You determine this parameter by apply- 
ing two sine waves of different frequencies (fi and f 2 ) 
to an A/D converter. You then measure the amplitudes 
of the third-order intermodulation products, which oc- 
cur at frequencies 2f x + f 2 , 2f 1 -f 2 , 2f 2 + fi, and 2f 2 — . 

Although it’s possible to filter out most intermodula- 
tion distortion if the two tones are of similar frequen- 
cies, the third-order products will be very close to the 
fundamental frequencies and thus difficult to remove. 

To avoid clipping-induced distortion, the amplitudes 
of the individual tones should be at least 6 dB below 
the full-scale range of the flash converter. In addition, 
the frequency separation of the two tones should be 
consistent with the resolution of the FFT. As discussed 
in Part 2, the spectral resolution of the FFT is a func- 
tion of record length M, coherence vs noncoherence, 
and the properties of the windowing function that you 
choose. 

In receiver applications, you often want to know the 
maximum ratio between the amplitude of a single-tone 
input signal and the amplitude of its maximum spurious 


component. For an ideal A/D converter, this ratio oc- 
curs for a full-scale input sinusoid. In a practical A/D 
converter, however, spurious content is a function of 
slew rate. Therefore, the maximum spurious-free dy- 
namic range for a given input frequency will probably 
occur at a level somewhat below full scale. Because 
the spurious-free dynamic range is slew-rate depend- 
ent, it’s a function of input frequency and amplitude. 

Fig 1 is a plot of the typical maximum spurious level 
vs input signal level. Also shown is a plot of the corre- 
sponding spurious-free dynamic range. The plot dem- 
onstrates that the maximum spurious-free dynamic 
range of 38 dB occurs for an input signal that’s about 
3 dB below full scale. 

The data you need to generate these plots is readily 
available from the family of FFTs calculated for the 
different input amplitudes. By knowing the input signal 
level that gives the highest spurious-free dynamic 
range at frequencies close to the Nyquist frequency, 
it’s possible to set the gain of the system to take maxi- 
mum advantage of the A/D converter’s spectral charac- 
teristics. 

Histograms are helpful 

Differential and integral nonlinearity are also impor- 
tant measurements of converter performance. Try a 
histogram test to obtain these measurements. To make 
a histogram analysis, digitize a known periodic input 
at a rate that’s asynchronous relative to the input sig- 
nal. To gather the sample data for the histogram, you’ll 
need a buffer memory and a test system, as described 


Fig 1 — These dynamic-range plots show the 
power levels of spurious frequencies and the 
maximum spurious-free dynamic range. In 
this example , the maximum spurious-free 
dynamic range occurs at an input signal 
level that’s 8 dB below full scale. 
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in Part 2. The buffer memory will probably be too 
small to hold a statistically significant number of sam- 
ples from a single run (several hundred thousand are 
usually required). For this reason, run several tests 
to acquire the data and load the contents of the buffer 
into the main memory of your test system after each 
run. Benchtop test systems from Hewlett Packard and 
Tektronix also provide histogram test capability. 

After the test system accumulates a statistically sig- 
nificant number of samples, it can determine the rela- 
tive number of occurrences of each digital code (the 
code density). This test routine then normalizes the 
data based upon the input signal and analyzes the re- 
sults for linearity errors. 

For an ideal A/D converter with a full-scale triangu- 
lar-wave input, you’d expect an equal number of codes 
in each bin. The number of counts in the nth bin, H(n), 
divided by the total number of samples taken, M, is 
the bin width as a fraction of full scale. The ratio of 
the actual bin width to the ideal bin width, P(n), is the 
differential linearity. Ideally, this ratio should be unity. 
Subtracting 1 LSB gives you the differential non- 
linearity. 

You can determine integral nonlinearity with a cu- 
mulative histogram; the cumulative bin widths are the 
transition levels. However, the cumulative effects of 
errors can make the integral-nonlinearity measurement 
inaccurate. Histograms are used more often in evaluat- 
ing differential nonlinearity. 

High-speed, high-accuracy triangular waves are dif- 
ficult to generate, so use a sine wave. All codes aren’t 


equally probable with a sine-wave input, however, and 
you should normalize the histogram data using the 
probability density function for a sine wave, as shown 
in Fig 2. 

To obtain accurate results, you need to take a large 
number of samples. For example, to determine the 
differential nonlinearity for an 8-bit flash converter to 
within 0.1 bit with 99-percent confidence, you’ll need 
268,000 samples. You can use hardware to count these 
samples, thus speeding up the software processing 
time. For high-speed sampling, decimate the output 
data to clock rates that are compatible with a slower- 
speed memory. 

Using noise-power-ratio tests 

You can use noise-power-ratio (NPR) tests to meas- 
ure the transmission characteristics of frequency-divi- 
sion-multiplexed (FDM) communications links. In a 
typical FDM system, 4-kHz-wide voice channels are 
“stacked” in frequency for transmission over coaxial, 
microwave, or satellite equipment. At the receiving 
end, the FDM equipment demultiplexes the data and 
returns it to individual, 4-kHz baseband channels. In 
an FDM system that has 100 channels or more, Gauss- 
ian noise with the appropriate bandwidth approximates 
the FDM signal. 

The test setup of Fig 3 measures an individual 4-kHz 
channel for quietness by using a narrow-band notch 
(bandstop) filter and a tuned receiver (Ref 4), both of 
which measure the noise power inside this 4-kHz notch. 
The NPR measurements are straightforward. With the 



Fig 2 — Histograms are often used to plot differential nonlinearity. Shown here is a curve for the probability density function of a sine 
wave, which is used to normalize histogram data to produce a plot of differential nonlinearity. 
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Where multiple frequencies exist on a single 
currier, you need to measure intermodula- 
tion distortion as well as harmonic distor- 
tion. 


notch filter out, the receiver determines the rms noise 
power of the signal inside the notch. The notch filter 
is then switched in, and the receiver determines the 
residual noise inside the 4-kHz slot. The ratio of the 
two readings, expressed in dB, is the NPR. You should 
test several slot frequencies across the noise band- 
width — low, midband, and high. 

The NPR is usually plotted on an NPR curve as a 
function of rms noise level referred to the peak range 
of the system. For very low noise levels, the undesired 
noise is primarily thermal noise and is independent of 
the input noise level. Over this region of the curve, a 
1-dB increase in the noise level causes a 1-dB increase 
in the NPR. As the noise level increases, the amplifiers 
in the system begin to overload, creating intermodula- 
tion products that cause the noise floor of the system 
to rise. As the input noise increases further, the effects 
of overload noise predominate, reducing the NPR dra- 
matically. FDM systems are usually operated at a 
noise-loading level a few decibels below the point of 
maximum NPR. 

In a digital system containing an A/D converter, the 
noise within the slot is primarily quantizing noise when 
low values of noise input signals are applied. The NPR 
curve is linear in this region. As the noise input level 
increases, the hard-limiting action of the converter 
causes clipping noise to dominate. 


In a practical A/D converter, any dc or ac nonlineari- 
ties cause a departure from the theoretical NPR. Al- 
though the peak value of NPR occurs at a fairly low 
input noise level (rms noise = 1/4 V 0 , where ±V 0 is 
the range of the A/D converter), the broadband nature 
of the noise signal stresses the device, and the test 
provides a good indication of its dynamic performance. 

Theoretically, NPR readings should be independent 
of any particular slot frequency. However, because of 
increased nonlinearities for the higher input frequen- 
cies, the NPR readings in the higher slots tend to be 
lower. 

NPR testing using DSP techniques 

Using FFT analysis techniques, you’ll find NPR 
measurements a real challenge. Consider the case 
where the record length is 1024 and the sampling rate 
is 20 MHz. The FFT of 1024 contiguous time samples 
would place a spectral component every 19.53 kHz (20 
MHz/1024). Because the notch-filter slot width is ap- 
proximately 4 kHz, the probability of a spectral compo- 
nent falling within the notch is very low. 

To achieve reasonable data stability in the FFT NPR 
analysis, a number of samples must fall within the 
notch. If ten samples are within the 4-kHz notch, then 
the resolution of the FFT would need to be 400 Hz, 
necessitating a record length of 50,000 for a sampling 



Fig 3 — You can use this test setup to measure noise power ratio (NPR). With the notch filter out, the receiver determines the noise power 
of the signal inside the notch. With the notch filter switched in, the receiver measures the residual noise inside the typical h-kHz slot. The 
ratio of the two readings (in decibels) is the NPR. 
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rate of 20 MHz. To avoid an extremely large buffer 
memory (and hence more demands on the FFT proces- 
sor), you need to make the notch filter wider. For 
20-MHz sampling and a 1024-word buffer memory, a 
notch filter that has a width of 200 kHz will provide 
ten frequency bins inside the notch. Even under these 
conditions, however, you should average the NPR cal- 
culations for several records to provide reasonable data 
stability. 

Transient-response testing 

The response of a flash converter to a transient input 
such as a square wave is often critical in radar applica- 
tions. The major difficulty in implementing this test 
is obtaining a flat pulse that’s commensurate with the 
converter’s resolution. 

A test setup for measuring the transient response 
of an A/D converter is shown in Fig 4. If you mount 
the Schottky-diode flat-pulse generator as close as pos- 
sible to the analog input of the A/D converter, you can 
apply a signal to the A/D converter that’s flat to at 
least 10-bit accuracy a few nanoseconds after it reverse 
biases the Schottky diodes. 

You can use the same test setup to measure overvolt- 
age recovery time. The amount of overvoltage is gener- 
ally specified as a percentage of the A/D converter’s 
range. For a converter with a 2V input range, 50% 
overvoltage corresponds to IV above or below the 
nominal 2V input range. You make the starting point 
of the flat pulse correspond to the desired overvoltage 
condition. The actual recovery time is referenced to 
the time the input signal re-enters the A/D-converter 


input range. As in the transient-response test, you 
must consider the sampling (aperture) time delay when 
making this measurement. 

The aperture-time and -jitter specifications of video 
A/D converters have probably been the least under- 
stood and most misused specifications in the entire 
field. The original concept of aperture time is centered 
around the classic S/H circuit of Fig 5. In an ideal S/H 
circuit, the switch has zero resistance when closed and 
opens instantly on receipt of an encode command. In 
practice, the sampling switch changes from a low to a 
high resistance over a certain finite time interval. An 
error occurs because the circuit tends to average the 
input signal over the finite time interval required to 
open the switch. As a result, the sampled voltage var- 
ies from the voltage at the instant the switch starts 
to open. The time required to open the switch is4he 
aperture time. The error is determined by E a = t a dV/ 
dt, where E a is the aperture error, t a is the aperture 
time, and dV/dt is the rate at which the input signal 
changes. 

A simple first-order analysis, which neglects non- 
linear effects, shows that no real error exists for such 
a switch. As long as the switch opens in a repeatable 
fashion, there is an effective sampling time that will 
cause an ideal S/H amplifier to produce the same hold 
voltage. The difference between this effective sampling 
point and the leading edge of the sampling clock is a 
fixed delay, which doesn’t constitute an error. This 
effective aperture delay is the period from the leading 
edge of the sampling clock to the instant when the 
input signal equals the hold value. This specification 



Fig 4 — This test setup measures the tran- 
sient response of an AID converter . The 

Schottky-diode network, located between 
points A and B in the circuit, generates a 
flat pulse for the input of the converter. 
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In a practical A/D converter, the spurious- 
free dynamic range is a function of the 
converter’s slew rate and can occur at a 
level below full scale. 



Fig 5 — The concept of aperture time centers around the S/H cir- 
cuit In practice, the sampling switch generates an error because of 
input-signal averaging over the finite time interval needed to open 
the switch. The aperture time is the time needed to open the switch. 


sine wave can produce the same effect as jitter on the 
sampling clock. The resulting error is called aperture 
jitter. The corresponding rms voltage error caused by 
the rms aperture jitter qualifies as a valid aperture 
error. 

The aperture-jitter specification is sometimes inter- 
preted as a measure of the converter’s ability to accu- 
rately digitize rapidly changing input signals. An A/D 
converter with an impressive aperture-jitter specifica- 
tion still may lose effective bits when digitizing a sine 
wave that has a maximum slew rate calculated from 
the aperture formula E a = t a dV/dt. 

For example, assume that a 20-MHz, 8-bit flash con- 
verter has a bipolar input range of ± V 0 (2V 0 p-p) and 
an aperture jitter specification of 20 psec rms. To calcu- 
late the maximum aperture-jitter error, convert the 
rms aperture jitter into a maximum value. If you con- 
sider that aperture jitter follows a Gaussian distribu- 
tion similar to white noise, the rms aperture jitter, t a , 
corresponds to the sigma (ct) of the distribution. The 
2 a point on the distribution is a good place to set the 
maximum value, and the maximum aperture jitter be- 
comes is 2t a . 

If the corresponding maximum voltage error (AV) 
at the zero crossing of a full-scale sine wave is set to 
V 2 LSB (V2 LSB = 2V 0 /2 n+1 , where N equals the resolu- 
tion of the A/D converter), then you can calculate the 
maximum full-scale sine- wave frequency, f max , which 
will produce the V2 LSB aperture error, by using the 
following equations: 

V(t) = V 0 * sin (27rf t ), 


is important because it helps you determine when to 
apply the sampling clock with respect to the input 
signal timing. 

The variation in effective aperture delay is important 
in simultaneous S/H applications. For example, in both 
I (in-phase) and Q (quadrature) radar receivers you 
may have to provide adjustable delays in the sampling 
clock to match the effective aperture delay times of 
several A/D converters. You should also consider de- 
lay-time tracking over a range of temperatures, espe- 
cially in military systems where the specified operating 
temperature ranges from -55 to + 125°C. 

True aperture errors, however, do result from vari- 
able time delays. In a practical A/D converter, the 
sampling clock is often phase-modulated by some un- 
wanted source; the source can be wideband random 
noise, power-line frequency, or digital noise due to 
poor grounding techniques. Phase jitter on the input 


dV 

dt 


= 27rfVo * cos (2-77^), 


dV 

dt 


AV 0 , 

max = 2 t~ = 27rV 0 f m; 


, and 


f "“ 4-n-Vot, 27rt “ ' 2N+ ‘- 

For t a = 20 psec rms and N = 8, f max is 16 MHz. These 
calculations imply that a 20-MHz flash converter can 
accurately digitize a full-scale sine wave of 16 MHz. 
In actual practice, however, the device may begin to 
suffer from skipped codes, decreased effective bits and 
S/N ratio, and ac nonlinearities at much lower frequen- 
cies. 

You can calculate the effects of aperture jitter on 


11-188 APPLICATION NOTES 




Histograms are useful in evaluating the 
differential nonlinearity of an A/D con- 
verter. 


the full-scale sine-wave S/N ratio as follows: 

V(t) = V 0 * sin (27rf t ), 


^ = 2jrfY 0 • cos (2wf t ), and 


dV 

dt 


2irfV 0 

V2 ' 


For an rms error voltage, AV^, and an rms aperture 
jitter of t a , 


AYnng = 27TfVo 

t. V2 ’ 


AV„ 


27rfY 0 t a 

V2 ' 


The rms-signal to rms-noise ratio, expressed in deci- 
bels, is 



S/N ratio = 20 log [ ^y^ j 

20 log [2^] dB - 

The S/N ratio that’s due exclusively to aperture jitter 
in the above equation is plotted in Fig 6 as a function 
of the full-scale input-sine-wave frequency for various 
values of aperture jitter. 

Consider an 8-bit, 20-MHz A/D converter with an 
rms aperture jitter of 20 psec. For an 8-MHz full-scale 
input, the S/N ratio due only to aperture jitter is 60 
dB, as calculated from the equation. The theoretical 
S/N ratio due to quantizing noise in an 8-bit flash con- 
verter is 50 dB. When you combine the S/N ratio of 
60 dB with the S/N ratio of 50 dB, you obtain a theoreti- 
cal S/N ratio of 49.6 dB, which encompasses both the 
ideal quantizing noise and the noise due to aperture 
jitter. A practical 8-bit device that has an rms aperture- 
jitter specification of 20 psec may, however, only 
achieve an S/N ratio of 40 dB under these conditions. 

Therefore, to accurately evaluate the A/D con- 
verter’s dynamic performance, you must carefully ex- 
amine the S/N ratio, effective number of bits, and aper- 
ture-jitter specifications. 

Try measuring the aperture jitter of an A/D con- 
verter using the test setup shown in Fig 7. The low- 


Fig 6 — This plot compares the SIN ratio to the full-scale sine-wave 
input frequency for various values of aperture jitter. 


jitter pulse generator produces both the sampling clock 
and the analog input signal to minimize the phase jitter 
between them. Adjust the phase shifter until the A/D 
converter repetitively samples the sine wave at its 
point of maximum slew rate at midscale. Then take a 
histogram on the digitized A/D-converter output data. 

An ideal A/D converter with no aperture jitter would 
have only one code present on the histogram. A practi- 
cal converter gives a distribution of codes that you can 
fit to the normal distribution. The sigma (X) of the 
distribution corresponds to the rms error voltage, 
AVrms, produced by the rms aperture jitter. Calculate 
the aperture jitter, t a , from the formula 

t = 

La dV 
dt 

where dV/dt is the rate-of-change of the sine wave at 
zero crossing. 

If you sufficiently attenuate the input sine wave, 
any spreading of the distribution around the nominal 
code is due to intrinsic A/D-converter noise. As the 
input sine wave increases in amplitude, the slew rate, 
dV/dt, becomes proportionally greater, and the distri- 
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Noise-porver-ratio tests are useful in deter- 
mining the transmission characteristics of 
frequency-division-multiplexed communica- 
tions links. 


bution begins to spread because of the aperture jitter. 
Because high slew rates can affect the ac differential 
linearity of the converter, you should exercise caution 
when interpreting the histogram for high slew-rate 
inputs. 

The offset adjustment shown in Fig 7 lets you posi- 
tion the sine wave at different points on the A/D-con- 
verter range. In this way, you can see variations attrib- 
uted to range-dependent differential-linearity charac- 
teristics. When offsetting the sine wave, make sure 
you don’t exceed the A/D converter’s input range. 

It’s also possible to measure effective aperture delay 
by using the locked-sine-wave technique. Adjust the 
phase shifter until the output reads midscale. Use a 
dual-trace scope to determine the difference between 
the leading edge of the sampling-clock pulse and the 
actual zero crossing of the sine-wave input. This differ- 
ence is the effective aperture delay, which can be either 
negative or positive, depending on the values of the 
internal analog and digital delays in the S/H portion 
of the A/D converter. 

At present, no industry standard exists for either 
the definition or the test for A/D-converter error rates. 
In flash converters, comparator metastable states can 
occur for low- or high-frequency input signals. At high 
frequencies, bubbles in the thermometer code of the 
comparator-bank output can also produce erroneous 
output codes. 

Because error rates less than lx 10" 16 are typical 
for well-behaved A/D converters, you need to take a 
large number of samples to properly measure the error 
rate. You must also take great care in the test-set 


layout, grounding, shielding, and power-supply decou- 
pling so that 60-Hz, EMI, or RFI glitches don’t create 
erroneous errors. 

Use the circuit in Fig 8 to measure the error rate 
for low-frequency input signals. Apply a low-fre- 
quency, full-scale sine wave (or triangle wave) to the 
A/D converter so that its rate of change is less than 1 
LSB/sample. This step ensures that the transition 
zones between codes are all adequately exercised. An 
error amplitude of X LSBs is established as the lower 
limit for the definition of a qualified error. Usually, 
you select X to be several LSBs so that random noise 
doesn’t produce errors. The software or hardware then 
examines the difference between each adjacent sample 
and records the number of times this difference exceeds 
the error threshold, X. If NQ is the number of qualified 
errors that occur, and NT is the total number of sam- 
ples taken, then the error rate, ER, is given by the 
equation ER = NQ/2-NT. 

As an example, consider an 8-bit, lOOM-sample/sec 
flash converter designed to take at least ten samples 
at each code level. For one slope of the triangle-wave 
input, the number of samples required is 
10 x 256 = 2560 samples. The frequency of the triangle 
wave is 


ft = 


1 

2560 • 2 • 10 nsec 


19.5 kHz. 


At a 100-MHz sampling rate, the average time required 
to make an error for an error rate of lx 10" 9 is 10 
seconds. 


Fig 7— In this test setup for measuring ap- 
erture jitter, you adjust the phase shifter 
until the A/D converter repetitively samples 
the sine wave at its point of maximum slew 
rate. You then take a histogram of the digi- 
tized A/D-converter output data. The offset 
adjustment lets you position the sine wave 
at different points on the converter's range. 
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Aperture time and aperture jitter for A/D 
converters are probably the most misunder- 
stood and misused specifications. 


Fig 8 — The effective aperture delay is the 

time difference between the leading edge of 
the sampling-clock pulse and the actual zero 
crossing of the sine-wave input. 



In a similar manner, you can measure dynamic errors 
caused by fast input signals by using the beat-fre- 
quency approach. You choose the low-frequency beat 
frequency to give the proper number of samples per 
code level, and then you examine the decimated digital 
outputs for adjacent sample differences that exceed 
the allowable error amplitude. 

In summary, determining appropriate error-rate cri- 
teria for an A/D converter depends upon both the appli- 
cation and the characteristics of the converter under 
consideration. Flash converters that use straight bi- 
nary decoding with no additional correction logic are 
most subject to large metastable errors at midscale. 
For this situation, a low-amplitude dither signal cen- 
tered on the midscale code transition might be an ap- 
propriate stimulus. In a more well-behaved flash con- 
verter, a full-scale signal that exercises all codes might 
be desirable. 

If you plan to digitize composite video signals, you’ll 
need to measure the differential-gain and -phase per- 
formance of the flash A/D converter. Differential gain 
is the percentage difference between the digitized am- 
plitudes of two signals. Likewise, differential phase is 
the phase difference between the digitized values of 
the same two input signals. The input signals are typi- 
cally a high-frequency low-level sine wave representing 
the color subcarrier frequency, superimposed on a low- 
frequency sine wave. Distortion-free processing of the 
color signal requires that the flash converter alters 
neither the amplitude nor the phase of the chrominance 
signal as a function of the luminance-signal level. 


The best method for performing composite video 
tests is to use an A/D converter back-to-back with a 
D/A converter. Connect a TV test signal to the A/D 
converter and use the output of the D/A converter to 
drive a vectorscope. To ensure that the test accurately 
measures the A/D converter’s performance, use a low- 
glitch D/A converter followed by a track-and-hold 
deglitcher. In addition, the dc accuracy of the D/A 
converter should exceed that of the A/D converter. 
When testing an 8-bit flash converter, use a D/A con- 
verter with at least 10 bits of accuracy. EDN 
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Video VCAs and Keyers Using the AD834 and AD81 1 

by Eberhard Brunner, Bob Clarke, and Barrie Gilbert 


INTRODUCTION 

Voltage-controlled amplifiers (VCAs) built from analog 
multipliers take one of two forms. In the first, the multi- 
plier acts as a voltage-controlled attenuator ahead of a 
fixed-gain amplifier. This type of VCA is used in applica- 
tions where only a moderate maximum gain, but a fairly 
high maximum loss, are needed. In the second, the vari- 
able attenuation is placed in the feedback path around 
an op amp, which, in fact, implements an analog divider, 
more suitable for applications requiring high gains. 

This application note describes practical circuits in 
which the wide bandwidth of the Analog Devices AD834 
Four-Quadrant Multiplier and the AD811 Current- 
Feedback Op Amp are exploited to provide a video- 
quality VCA with a maximum gain of 12 dB (x4) or 20 dB 
(xIO), based on the first of the above methods. A 
slightly modified form of this VCA, using two multipliers 
whose outputs are summed, provides the first of two 
video keyer designs; a second design uses global nega- 
tive feedback around the multipliers to achieve im- 
proved accuracy and some simplification. 


A VIDEO-QUALITY VCA 

The VCA is shown in Figure 1. The AD834 multiplies the 
signal input by the control voltage. Its outputs are in the 
form of differential currents from a pair of open collec- 
tors, ensuring that the full bandwidth of the multiplier 
(which exceeds 500 MHz) is available for certain applica- 
tions. In this case, more moderate bandwidth is obtained 
using current-to-voltage conversion, provided by the 
AD811 op amp, to realize a practical amplifier with a 
single-sided ground-referenced output. Using feedback 
resistors R8 and R9 of 511 Q the overall gain ranges 
from -70 dB for V G ~0 to +12 dB (a numerical gain of 
four) when V G = +1 V. 

The -3 dB bandwidth is 90 MHz (Figure 2) and is essen- 
tially independent of gain. The response can be main- 
tained flat to within ±0.1 dB from dc to 40 MHz at full 
gain (Figure 3) with the addition of an optional capacitor 
of about 0.3 pF across the feedback resistor R8. The 
circuit produces a full-scale output of ±4V for a ±1 V 
input, and can drive a reverse-terminated load of 50 Q or 
75 Q to ±2 V. Figure 4 shows the typical pulse response. 


R1 FB 



* R8 = R9 = 511 FOR X4 GAIN 
= 1.27k FOR X10 GAIN 


Figure 1. Complete VCA Provides Up to 20 dB of Gain (G = BW = 25 MHz ) 
and a Bandwidth of Over 90 MHz (G = 12 dB) 
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The gain can be increased to 20 dB (x10) by raising R8 
and R9 to 1.27 kO, with a reduction of the -3 dB band- 
width to about 25 MHz (also shown in Figure 2) and a 
maximum output voltage of ±9 V using the ±12 V sup- 
plies. It is not necessary to alter R6 and R7 for the high 
gain version of the amplifier, although an optimized de- 
sign would raise these slightly to restore the common- 
mode voltage at the input of the AD81 1 to +5 V. 



10k 100k 1M 10M 100M 


Figure 2. Small-Signal Response of the VCA Shows a 
-3 dB Bandwidth of 90 MHz for the 12 dB Version and 
25 MHz for the 20 dB Version 



10k 100k 1M 10M 


Figure 3. AC Response Can Be Held Flat to Within 
±0.1 dB from DC to 40 MHz by Addition of a 0.1 pF 
Capacitor Across R8 



Figure 4. Full-Output Pulse Response for the 12 dB 
Amplifier 

The gain-control input may be a positive or negative 
ground-referenced voltage, or fully differential, depend- 
ing on the user's choice of connections at Pins 7 and 8. 
As shown, a positive value of V G results in an overall 
noninverting response. Reversing the sign of V G simply 
causes the sign of the overall response to invert. In fact, 
although we have called this a voltage-controlled ampli- 
fier, it can just as well be used as a general-purpose 
four-quadrant multiplier with good load-driving capabil- 
ities and fully symmetrical responses from X- and 
Y-inputs. 

We have used the Y-input of the multiplier for the signal, 
since this port is slightly more linear than the X-input, 
and have shown X2 and Y2 grounded. These inputs each 
draw about 45 (jlA of bias current, so the grounded (un- 
used) inputs should be terminated preferably in the 
same resistance as the source, in each case, to minimize 
offset voltages. The resistance of the signal source may 
in some cases be essentially zero (as in the case of a 
transformer-coupled input, or certain signal generators); 
note that a doubly terminated cable line of impedance 
Z G will present a dc resistance of Z 0 /2 at the input. 
Resistors R1 and R2 have been included in Figure 1 to 
minimize the likelihood of small aberrations arising in 
the signal path in those cases where V G is derived from 
a source having poor HF characteristics; they may be 
omitted in the four-quadrant multiplier application. 

High-frequency circuits such as those described herein 
are sensitive to component layout, stray capacitance, 
and lead lengths. Use a ground plane and make short, 
direct connections to ground. Bypass the power-supply 
connections- inductance in the power-supply leads can 
form resonant circuits that produce response peaking or 
even sustained oscillations. 
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Circuit Analysis 

To understand the operation of the VCA, we need first to 
consider the scaling properties of the AD834, which is 
actually an accurate nonlinear (two-input) voltage- 
controlled current source. Figure 5 shows a simplified 
schematic of the whole VCA. 

The exact transfer function for the AD834 would show 
that the differential voltage inputs at XI, X2 and Y1, Y2 
are first multiplied together, divided by the scaling volt- 
age of 1 V (determined by the on-chip bandgap refer- 
ence) and the resulting voltage is then divided by an 
accurate 250 fl resistor to generate the output current. A 
simplified form of this transfer function is 

lw = (Xi - X 2 )(Y, - Y 2 ) x 4 mA (1) 

where l w is the differential current output from W1 to 
W2 and it is understood that the inputs X v X 2 , Y v and Y 2 
are expressed in volts. Thus, when both differential in- 
puts are 1 V, l w is 4 mA; this current is laser-calibrated to 
close tolerance, which simplifies the use of the AD834 in 
many applications. Note carefully the direction of this 
current in determining the correct polarity of the output 
connections. 

It is easy to show that the output of the AD81 1 is 

Vout = 2 x l w x R f (2) 

where R F is the feedback resistor. For R F = 500 fl (499 fl 
is the nearest standard resistor value), the overall trans- 
fer function of the VCA becomes 

Vqut = 4(X, - X 2 )(Y 1 - Y 2 ) (3) 

which reduces to V oux = 4V G V, N using the labeling 
conventions shown in Figure 1. As noted, the phase of 
the output reverses when V G is negative. A slightly 
higher value of R F is used to compensate for the finite 
gain of the AD81 1. 

Both the AD811 and the AD834 can operate individually 
from power-supply voltages of ±5V. However, to en- 


sure proper operation of the AD811's input stage, the 
common-mode voltage at W1 and W2 must be within 
the common-mode range of these inputs. There are sev- 
eral ways to do this. We can use separate supplies of 
±5 V for the AD834 and > ±9 V for the AD811. Here, we 
have chosen to show how the VCA can be biased from 
one dual supply of nominally ±12 V. Figure 5 also helps 
to understand the dc biasing design. 

We begin by deciding to place the AD834's outputs at 
about +5 V (a little higher than they operate in the other 
published applications of this product). Under dc condi- 
tions, the high open-loop gain of the op amp forces W1 
and W2 to assume the same potential. We calculate the 
values of R A to introduce the required 7 V drop, by con- 
sidering the components of the total current in each of 
these resistors for the zero-signal condition. 

First, when V OUT = 0, the current in resistors R F must be 
10 mA (5 V/ 500 fl ). Second, the standing current into 
W1 and W2, due to the AD834's internal biasing, is 
8.5 mA per side. Third, in this application we provide the 
positive supply voltage for the AD834 (at Pin 6) via resis- 
tors R b which each carry one-half of the total supply 
current of 11 mA. Thus, the total current in resistors R A 
is 24 mA (10 + 8.5 + 5.5 mA) and a value of 294 0 is 
chosen (the closest standard value to 7 V/24 mA) for 
these resistors. Finally, we choose R B to set the voltage 
at Pin 6 to +4 V, which is high enough to ensure accu- 
rate operation of the AD834 over the full signal and 
temperature ranges; the nearest standard resistor value 
is 182 0 (1 V/ 5.5 mA). 

The presence of these resistors (whose parallel sum is 
1 12 fl on each side) at the input of the op amp causes it 
to operate at a “noise gain" of 4.45 (499 fl/112 fl), but 
this neither has any significant effect on the dc scaling of 
the system, nor does it lower the closed-loop bandwidth 
(as would be the case for a conventional voltage- 
feedback op amp). 


11mA + 12 v 



Figure 5. Simplified Schematic of the VCA for Analysis Purposes 
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A VIDEO KEYER BASED ON THE VGA 
Using two AD834s and adding a 1 V dc source, a special 
form of a two-input VCA called a video keyer (Figure 6) 
can be assembled. Keying is the term used in reference 
to blending two or more video sources under the control 
of a further signal or signals to create such special ef- 
fects as dissolves and overlays. The circuit described 
here is a two-input keyer, with video inputs V A and V B , 
and a control input V G . The output at the load is given by 

Vout = GV a + (l-G)Vfl (4) 

where G is a dimensionless variable (actually, just the 
gain of the "A" signal path) that ranges from 0 when 
V G = 0, to 1 when V G = +1 V. Thus, V OU t varies contin- 
uously between V A and V B as G varies from 0 to 1. 

The operation is straightforward. Consider first the sig- 
nal path through U1, which handles video input V A . Its 
gain is clearly zero when V G = 0 and the scaling we have 
chosen ensures that it is unity when V G = +1 V; this 
takes care of the first term in Equation 4. On the other 
hand, the V G input to U2 is taken to the inverting input 
X2 while XI is biased at an accurate +1 V. Thus, when 
V G = 0, the response to video input V B is already at its 
full-scale value of unity, whereas when V G = +1 V, the 
differential input X , - X 2 is zero. This generates the 
second term in Equation 4. 

To generate the 1 V dc needed for the "1-G" term, an 
AD589 reference supplies 1.225 V ±25 mV to a voltage 
divider consisting of resistors R2 through R4. Potentiom- 
eter R3 should be adjusted to provide exactly +1 V at the 
XI input. 

In this case, we have shown an alternative arrangement 
using dual supplies of ±5 V for the AD834 and ±12 V for 
the AD811. Also, the overall gain in this case is arranged 


to be unity at the load, when it is driven from a reverse- 
terminated 75 0 line. This means that the “dual VCA" 
has to operate at a maximum gain of x2, rather than x4 
as in Figure 1. However, this cannot be achieved by 
lowering the feedback resistor, since below a critical 
value (not much less that 500 O) the AD811 will become 
unstable. This is because the dominant pole in the 
closed-loop ac response of a current-feedback amplifier 
is controlled by this feedback resistor. It would be pos- 
sible to operate at a gain of x4 and then attenuate the 
signal at the output. Instead, we have chosen to attenu- 
ate the signals by 6 dB at the input to the AD81 1 ; this is 
the function of R8 through R11. 

The -3dB bandwidth is about 85 MHz and the gain is flat 
within ±0.1 dB to 30 MHz (Figure 7). Output noise and 
signal isolation with either channel fully off and the 
other fully on is about -60 dB to 20 MHz. The feed- 
through at 100 MHz is limited primarily by board layout. 



OUTPUT 


h (10dB PER 
DIVISION) 



1M 10M 100M 


Figure 7. AC Response of the Video Keyer, at V G - Zero 
and + 1 V; Feedthrough Is About -60 dB 



Figure 6. A Two-Input Video Keyer Based on the VCA 
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A FEEDBACK KEYER 

The gain accuracy of the "VCA-based" keyer is depen- 
dent on the feedback resistor, R P Also, any nonlinearity 
in the multipliers will show up as a differential gain 
error. Using an alternative technique, in which the feed- 
back is routed back to unused signal inputs on the 
AD834s, we can eliminate the feedback resistor and 
achieve higher accuracy. In the design shown here, we 
have also used a level-shifting network between the 
AD834 and the AD811 that eliminates the need for sepa- 
rate power supplies for the two ICs. (In fact, this tech- 
nique can also be used in the VCAs.) 

The basic idea is shown in Figure 8. Note first that V OU t 
is returned to the inverting inputs Y2 of the multipliers 
and that their outputs are added. The sum is forced to 
zero by the assumed high open-loop gain of the op amp. 
Multiplier Ml produces an output G(V A -V OUT ), while M2 
produces an output (1-G)(V B -V OUT ), where G is V G /(1 V) 
and ranges from 0 to 1. Therefore, the complete system 
is described by the limiting condition 

G(V a -V 0U t) + ('\-G)(V b -V OU t)-+0 (5) 

which requires that 

Vqut = GV a + (1 -G)V b (6) 

exactly as required for a two-input keyer. The summa- 
tion of the differential current-mode outputs of the two 
AD834s is simply achieved by connecting together their 
respective W1 and W2 nodes. The resulting signal — 
essentially the loop error represented by the left-hand 
side of Equation 5 -is forced to zero by the high gain of 
an AD811 op amp. 

Figure 9 provides a practical embodiment of these ideas. 
The gain-control details to provide G and (1-G) terms 



Figure 8. Elements of a Feedback Keyer 

are identical to those used previously. The bias currents 
required at the output of the multipliers are provided by 
R8 and R9. A dc-level-shifting network comprising 
R10/R12 and R11/R13 ensures that the input nodes of the 
AD811 are positioned within an acceptable common- 
mode range for this 1C. At high frequencies, Cl and C2 
bypass RIO and R11, respectively. 

R14 is included to lower the HF loop gain, and is needed 
because the voltage-to-current conversion in the 
AD834s, via the Y2 inputs, results in an effective value of 
the feedback resistance of 250 0 (see Figure 5); this is 
only half the minimum value of 500 0 required for HF 
stability of the AD811. (Note that this resistance is unaf- 
fected by G: when G = 1, all the feedback is via U1, 
while when G = 0 it is all via U2.) Resistor R14 reduces 
the fractional amount of output current from the multi- 
pliers into the current-summing inverting input of the 
AD81 1 , by sharing it with R8. This resistor can be used to 
adjust the bandwidth and damping factor to best suit the 
application. 



Figure 9. A Practical Embodiment of a Feedback Keyer. The Inset Shows the Feedback Configuration 
(Gain of x2) for Driving a Reverse-Terminated Load. 
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Figure 10 shows the smaii-signai ac response of this 
system of the "A" channel at unity gain and zero gain; 
as is inevitably the case, there is a small amount of 
feedthrough at the highest frequencies. Two representa- 
tive values of R14 are shown; using 402 CL, the pulse 
response is considerably overdamped, resulting in a 
-3 dB bandwidth of 15 MHz, while a value of 107(1 
provides a maximally flat response with a -3 dB band- 
width of 70 MHz. 



10k 100k 1M 10M 100M 


Figure 10. AC Response of the Feedback Keyer. For V G = 
+ 1 V, the -3 dB Bandwidth Is 15 MHz Using R14 = 402 O 
and 70 MHz with R14 = 107 O. For These Measurements , 
R l = 50 Cl 


Figure 11 shows the pulse response at unity gain: in (a) 
R14 = 402 n, while in (b) R14 = 107 a The frequency 
and pulse responses of the "B" channel, and of the 
gain-control input are the same, being limited by the 
output amplifier rather than the AD834s. Likewise, the 
differential gain and phase behavior will be determined 
primarily by the AD811; the data sheet should be con- 
sulted for more information. The feedthrough at 1 MHz 
is about -80 dB and -64 dB at 10 MHz and, as before, is 
eventually limited by board layout. All of these results 
used a 50 O load at the output. 




Figure 11. Pulse Response of the Feedback Keyer. In (a), 
R14 = 402 fl While in (b), R14 = 1070. For These 
Measurements, R L = 50 O 
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Unlike Figure 6's circuit, this keyer provides unity-gain 
operation. In applications where a reverse-terminated 
line (50+50 H or 75+75 fl) is to be driven, the gain can 
be doubled by the inclusion of a resistive divider be- 
tween V OU t and the Y2 pins; equal resistors of 200 fl can 
be used (see the inset in Figure 9). This halving of the 
feedback voltage also lowers the bandwidth, which can 
now be restored by reducing, or even eliminating, R14. 
Figures 12 and 13 show the modified circuit's perfor- 
mance when driving a 50 fl reverse-terminated line. 



10k 100k 1M 10M 100M 


Figure 12. AC Response of the Feedback Keyer , Now 
Configured for a Gain of x2. For V G = + 1 V, the -3 dB 
Bandwidth Is 15 MHz Using R14 = 137 fl and 70 MHz 
with R14 = 49.9 0. For These Measurements , R L = 50 0 




Figure 13. Pulse Response of the Feedback Keyer Now 
Configured for a Gain of x2. In ( a ), R14 = 137 O While in 
( b ), R14 = 49.9 O. For These Measurements , R L = 50 O 


APPLICATION NOTES 11-199 


11-200 APPLICATION NOTES 



□ ANALOG AN-217 

DEVICES APPLICATION NOTE 

ONE TECHNOLOGY WAY • P.O. BOX 9106 • NORWOOD, MASSACHUSETTS 02062-9106 • 617/329-4700 


Audio Applications of the ADSP Family 
(HR Filters) 


INFINITE IMPULSE RESPONSE (HR) FILTERS 

Compared to the FIR filter, an HR filter can often be much 
more efficient in terms of attaining certain performance 
characteristics with a given filter order. This is because 
the HR filter incorporates feedback and is capable of 
realizing both poles and zeros of a system transfer func- 
tion, whereas the FIR filter is only capable of realizing 
the zeros (although the FIR filter is still more desirable in 
many applications, because of features such as stability 
and the ability to realize exactly linear phase responses). 

Direct Form HR Filter 

The HR filter can realize both the poles and zeros of a 
system because it has a rational transfer function, de- 
scribed by polynomials in z in both the numerator and 
the denominator: 

M 

^jb k z~ k 

H(z ) = 

N 

1 - ^ a kZ~ k 

k =1 

The difference equation for such a system is described 
by the following: 

M N 

y(n) = 2 b k x(n-k) + a k y(n-k) 

k = 0 k = 1 

In most applications, the order of the two polynomials M 
and N are the same. 

The roots of the denominator determine the pole loca- 
tions of the filter, and the roots of the numerator deter- 
mine the zero locations. There are, of course, several 
means of implementing the above transfer function with 
an HR filter structure. The "direct form" structure pre- 
sented in Listing 1 implements the difference equation 
above. 

Note that there is a single delay line buffer for the recur- 
sive and nonrecursive portions of the filter (Oppenheim 
and Schafer's Direct Form II). The sum-of-products of the 
a values and the delay line values are first computed, 


followed by the sum-of-products of the b values and the 
delay line values. 

.MODULE diriir_sub; 


Direct Form II HR Filter Subroutine 

Calling Parameters 

MR1 = Input sample (x[n]) 

MR0 = 0 

10 Delay line buffer current location (x[n— 1 ]) 

L0 = Filter length 

15 — > Feedback coefficients (a[1], a[2], . . . a[N]) 

L5 = Filter length - 1 

16 -» Feedforward coefficients (b[0], b[1], . . . b[N]) 

L6 = Filter length 

M0 = 0 
M1,M4 = 1 

CNTR = Filter length - 2 
AX0 = Filter length - 1 

Return Values 

MR1 = output sample (y[n]) 

10 -> delay line current location (x[n-1]) 

15 -* feedback coefficients 

16 — » feedforward coefficients 

Altered Registers 

MX0,MY0,MR 

Computation Time 

((N - 2) + (N - 1)) + 10 + 4 cycles (N = M = Filter order) 
All coefficients and data values are assumed to be in 1.15 format. 

} 

.ENTRY diriir; 

diriir: MX0=DM(I0,M1), MY0=PM(I5,M4); 

DO poleloop UNTIL CE; 

poleloop: MR=MR+MX0*MY0(SS), MX0=DM(I0,M1), MY0=PM(I5,M4); 
MR = MR+MX0*MY0(RND); 

CNTR=AX0; 

DM(I0,M0)=MR1 ; 

MR=0, MX0=DM(I0,M1), MY0=PM(I6,M4); 

DO zeroloop UNTIL CE; 

zeroloop: MR=MR+MX0*MY0(SS), MX0=DM(I0,M1), MY0=PM(I6,M4); 
MR = MR+MX0*MY0(RND); 

MODIFY (10, M2); 

RTS; 

.ENDMOD; 

Listing 1. Direct Form IIR Filter 
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Cascaded Biquad SIR Filter 

A second-order biquad HR filter section is shown on 
Figure 1. Its transfer function in the z-domain is: 

H(z) = Y(zmz) = (B 0 + B,z-' + B 2 z~ 2 )/( 1 +A 1 z~ 1 + A 2 z~ 2 ) 

where A 1f A 2 , B 0 , B 1 and B 2 are coefficients that deter- 
mine the desired impulse response of the system H(z). 
Furthermore, the corresponding difference equation for 
a biquad section is: 

Y(n) = BoX(n) + B^X(n - 1 ) + B 2 X(n - 2) - At Y(n - 1 ) - A 2 Y(n - 2) 


SCALE 

FACTOR 



Figure 1. Second-Order Biquad HR Filter Section 

Fligher-order filters can be obtained by cascading sev- 
eral biquad sections with appropriate coefficients. An- 
other way to design higher-order filters is to use only 
one complicated single section. This approach is called 
the direct form implementation. The biquad implemen- 
tation executes slower but generates smaller numerical 
errors than the direct form implementation. The biquads 
can be scaled separately and then cascaded to minimize 
the coefficient quantization and the recursive accumula- 
tion errors. The coefficients and data in the direct form 
implementation must be scaled all at once, which gives 
rise to larger errors. Another disadvantage of the direct 
form implementation is that the poles of such single- 
stage high-order polynomials get increasingly sensitive 
to quantization errors. The second-order polynomial sec- 
tions (i.e., biquads) are less sensitive to quantization 
effects. 

An ADSP-2100 subroutine that implements a high-order 
filter is shown in Listing 2. The subroutine is arranged as 
a module and is labeled biquad^sub. There are a num- 
ber of registers that need to be initialized in order to 
execute this subroutine. It may be sufficient to do this 
initialization only once (e.g., at power-up) if other exe- 
cuted algorithms do not need these registers. In most 
typical cases, however, some of these registers may 
need to be set every time the biquad__sub routine is 
called. It may sometimes be beneficial, from a modular 
software point of view, always to initialize all the setup 
registers as a part of this subroutine. 

The biquad_sub routine takes its input from the SRI 
register. This register must contain the 16-bit input X(n). 
X(n) is assumed to be already computed before this 
subroutine is called. The output of the filter is also made 
available in the SRI register. 


After the initial design of a high-order filter, all coeffi- 
cients must be scaled down separately in each biquad 
stage. This is necessary in order to conform to the 16-bit 
fixed-point fractional number format as well as to ensure 
that overflows will not occur in the final multiply- 
accumulate operations in each stage. The scaled-down 
coefficients are the ones that get stored in the proces- 
sor's memory. The operations in each biquad are per- 
formed with scaled data and coefficients and are 
eventually scaled up before being output to the next 
one. The choice of a proper scaling factor depends 
greatly on the design objectives, and in some cases it 
may even be unnecessary. The filter coefficients are usu- 
ally designed with a commercial software package in 
higher than 16-bit precision arithmetic. System perfor- 
mance deviates from ideal when such high precision 
coefficients are quantized to 16 bits and further scaled 
down. In systems that require stringent specifications, 
careful simulations of quantization and scaling effects 
must be performed. 

During the initialization of the biquad_sub routine, the 
index register 10 points to the data memory buffer that 
contains the previous error inputs and the previous bi- 
quad section outputs. This buffer must be initialized to 
zero at powerup unless some nonzero initial condition is 
desired. The index register II points to another buffer in 
data memory that contains the individual scale factors 
for each biquad. The buffer length register LI is set to 
zero if the filter has only one biquad section. In the case 
of multiple biquads, LI is initialized with the number of 
biquad sections. The index register 14, on the other 
hand, points to the circular program memory buffer that 
contains the scaled biquad coefficients. These coeffi- 
cients are stored in the order: B 2 , B v B 0 , A 2 and A ^ for 
each biquad. All of the individual biquad coefficient 
groups must be stored in the same order in which the 
biquads are cascaded, such as: B 2 , B v B 0 , A 2 , A v B 2 *, 
B.,*, B 0 *, A 2 *, A n *, B 2 **, etc. The buffer length register 
L4 must be set to the value of (5 x number of biquad 
sections). Finally, the loop counter register CNTR must 
be set to the number of biquad sections, since the filter 
code will be executed as a loop. 

The core of the biquad_sub routine starts its execution at 
the biquad label. The routine is organized in a looped 
fashion where the end of the loop is the instruction 
labeled sections. Each iteration of the loop executes the 
computations for one biquad. The number of loops to be 
executed is determined by the CNTR register contents. 
The SE register is loaded with the appropriate scaling 
factor for the particular biquad at the beginning of each 
loop iteration. After this operation, the coefficients and 
the data values are fetched from memory in the se- 
quence in which they have been stored. These numbers 
are multiplied and accumulated until all of the values for 
a particular biquad have been accessed. The result of the 
last multiply/accumulate is rounded to 16 bits and up- 
shifted by the scaling value. At this point, the biquad 
loop is executed again, or the filter computations are 
completed by doing the final update to the delay line. 
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The delay lines for data values are always being updated 
within the biquad loop as well as outside of it. 

The filter coefficients must be scaled appropriately so 
that no overflows occur after the upshifting operation 
between the biquads. If this is not ensured by design, it 
may be necessary to include some overflow checking 
between the biquads. 

The execution time for an Nth order biquad_sub routine 
can be calculated as follows (assuming that the appro- 
priate registers have been initialized and N is a power 
of 2): 

ADSP-21 01/2102: (8 x N/2) + 4 processor cycles 

ADSP-21 00/21 00A: (8 x N/2) +4 + 5 processor cycles 

It may take up to a maximum of 12 cycles to initialize the 
appropriate registers every time the filter is called, but 
typically this number will be lower. 


.MODULE biquad_sub; 

{ Nth order cascaded biquad filter subroutine 
Calling Parameters: 

SRI = input X(n) 

10 -» delay line buffer for X(n-2), X(n-1), 

Y(n-2), Y(n-1 ) 

L0 = 0 

11 — * scaling factors for each biquad section 
LI = 0 (in the case of a single biquad) 

LI = number of biquad sections 
(for multiple biquads) 

14 -» scaled biquad coefficients 
L4 = 5 x [number of biquads] 

M0, M4 = 1 
Ml = -3 

M2 = 1 (in the case of multiple biquads) 

M2 = 0 (in the case of a single biquad) 

M3 = (1 - length of delay line buffer) 

Return Value: 

SRI = output sample Y(n) 

Altered Registers: 

SE, MX0, MX1, MY0, MR, SR 

Computation Time (with N even): 

ADSP-2101/2102: (8 x N/2) + 5 cycles 
ADSP-21 00/21 00A: (8 x N/2) + 5 + 5 cycles 

All coefficients and data values are assumed to be in 1.15 format 

} 

.ENTRY biquad; 

biquad: CNTR = number_of_biquads 
DO sections UNTIL CE; 

SE=DM(I1,M2); 

MX0=DM(I0,M0), MY0 = PM(I4,M4); 

MR = MX0*MY0(SS), MX1 =DM(I0,M0), MY0=PM(I4,M4); 

MR = MR+MX1*MY0(SS), MY0=PM(I4,M4); 

MR = MR + SR1 *MY0(SS), MX0 = DM(I0,M0), MY0=PM(I4,M4); 
MR = MR + MX0*MY0(SS), MX0 = DM(I0,M1), MY0 = PM(I4,M4); 
DM(I0,M0) = MX1, MR = MR + MX0*MY0(RND); 
sections: DM(I0,M0)=SR1, SR=ASH!FT MR1 (HI); 

DM(IO,M0) = MX0; 

DM(I0,M3)=SR1; 

RTS; 

.ENDMOD; 


Listing 2. Cascaded Biquad IIR Filter 
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DSP Multirate Filters 


MULTIRATE FILTERS 

Multirate filters are digital filters that change the sam- 
pling rate of a digitally represented signal. These filters 
convert a set of input samples to another set of data that 
represents the same analog signal sampled at a different 
rate. A system incorporating multirate filters (a multirate 
system) can process data sampled at various rates. 

Some examples of applications for multirate filters are: 

• Sample-rate conversion between digital audio systems 

• Narrow-band low-pass and band-pass filters 

• Sub-band coding for speech processing in vocoders 

• Transmultiplexers for TDM (time-division multiplex- 
ing) to FDM (frequency-division multiplexing) 
translation 

• Quadrature modulation 

• Digital reconstruction filters and antialias filters for 
digital audio, and 

• Narrow-band spectra calculation for sonar and vibra- 
tion analysis. 

The two types of multirate filtering processes are deci- 
mation and interpolation. Decimation reduces the sam- 
ple rate of a signal. It eliminates redundant or 
unnecessary information and compacts the data, allow- 
ing more information to be stored, processed, or trans- 
mitted in the same amount of data. Interpolation 
increases the sample rate of a signal. Through calcula- 
tions on existing data, interpolation fills in missing infor- 
mation between the samples of a signal. Decimation 
reduces a sample rate by an integer factor M, and inter- 
polation increases a sample rate by an integer factor L. 
Non-integer rational (ratio of integers) changes in sam- 
ple rate can be achieved by combining the interpolation 
and decimation processes. 

The ADSP-2100 programs in this application note dem- 
onstrate decimation and interpolation as well as efficient 
rational changes in sample rate. Cascaded stages of dec- 
imation and interpolation, which are required for large 
rate changes (large values of L and M) and are useful for 
implementing narrow-band low-pass and band-pass 
filters, are also demonstrated. 


Decimation 

Decimation is equivalent to sampling a discrete-time 
signal. Continuous-time (analog) signal sampling and 
discrete-time (digital) signal sampling are analogous. 

Decimation Filter Structure 

The decimation algorithm can be implemented in an FIR 
(Finite Impulse Response) filter structure. The FIR filter 
has many advantages for multirate filtering including: 
linear phase, unconditional stability, simple structure, 
and easy coefficient design. Additionally, the FIR struc- 
ture in multirate filters provides for an increase in com- 
putational efficiency over HR structures. The major 
difference between the MR and the FIR filter is that the HR 
filter must calculate all outputs for all inputs. The FIR 
multirate filter calculates an output for every Mth input. 
For a more detailed description of the FIR and HR filters, 
refer to Crochiere and Rabiner, 1983. 

The impulse response of the anti-imaging low-pass 
filter is h(n). A time-series equation filtering x(n) is the 
convolution 

N- 1 

w(n ) = 2 h{k)x{n-k ) 

k = 0 

where N is the number of coefficients in h(n). N is the 
order, or number of taps, in the filter. The application of 
this equation to implement the filter response H(e jw ) 
results in an FIR filter structure. 

Figure la, shows the signal flowgraph of an FIR decima- 
tion filter. The N most recent input samples are stored in 
a delay line; z-1 is a unit sample delay. N samples from 
the delay line are multiplied by N coefficients and the 
resulting products are summed to form a single output 
sample w(n). Then w(n) is down-sampled by M using the 
rate compressor. 

It is not necessary to calculate the samples of w(n) that 
are discarded by the rate compressor. Accordingly, the 
rate compressor can be moved in front of the multiply/ 
accumulate paths, as shown in Figure 1b. This change 
reduces the required computation by a factor of M. This 
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h(N-1) 



ADSP-2100 Decimation Algorithm 
Figure 2 shows a flowchart of the decimation filter algo- 
rithm used for the ADSP-2100 routine. The decimator 
calculates one output for every M inputs to the delay 
line. 



b. 

Figure 1. FIR Form Decimation Filter 

filter structure can be implemented by updating the de- 
lay line with M inputs before each output sample is 
calculated. 

Substitution of the relationship between w(n) and y(m) 
into the convolution results in the decimation filtering 
equation 

N- 1 

y{m ) = ^ h[k) x[Mm-k) 

k = 0 

Some of the implementations shown in textbooks on 
digital filters take advantage of the symmetry in trans- 
posed forms of the FIR structure to reduce the number of 
multiplications required. However, such a reduction of 
multiplications results in an increased number of addi- 
tions. In this application, because the ADSP-2100 is 
capable of both multiplying and accumulating in one 
cycle, trading off multiplication for addition is a useless 
technique. 


Figure 2. Decimator Flowchart 

External hardware causes an interrupt at the input sam- 
ple rate F s , which triggers the program to fetch an input 
data sample and store it in the data circular buffer. The 
index register that points into this data buffer is then 
incremented by one, so that the next consecutive input 
sample is written to the next address in the buffer. The 
counter is then decremented by one and compared to 
zero. If the counter is not yet zero, the algorithm waits 
for another input sample. If the counter has decre- 
mented to zero, the algorithm calculates an output sam- 
ple, then resets the counter to M so that the next output 
will be calculated after the next M inputs. 

The output is the sum of products of N data buffer 
samples in a circular buffer and N coefficients in another 
circular buffer. Note that M input samples are written 
into the data buffer before an output sample is calcu- 
lated. Therefore, the resulting output sample rate is 
equal to the input rate divided by the decimation factor: 

F s ' = F s /M. 

For additional information on the use of the ADSP- 
2100's address generators for circular buffers, see the 
ADSP-2100 User's Manual , Chapter 2. 

The ADSP-2100 program for the decimation filter is 
shown in Listing 1 . Inputs to this filter routine come from 
the memory-mapped port adc, and outputs go to the 
memory-mapped port dac. The filter's I/O interfacing 
hardware is described in more detail later in this 
application note. 
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{DECIMATE. dsp 

Real time Direct Form FIR Filter, N taps, decimates by M for a decrease of 1/M times the input sample rate. 

INPUT: adc 
OUTPUT: dac 


.MODULE/RAM/ABS = 0 

decimate; 


.CONST 

N=300; 


.CONST 

M=4; 

{decimate by factor of M} 

.VAR/PM/RAM/CIRC 

coef [N]; 


.VAR/DM/RAM/CIRC 

data [N]; 


.VAR/DM/RAM 

counter; 


.PORT 

adc; 


.PORT 

dac; 


.INIT 

coef:<coef.dat>; 



RTI; 

{interrupt 0} 


RTI; 

{interrupt 1} 


RTI; 

{interrupt 2} 


JUMP sample; 

{interrupt 3= input sample rate} 

initialize: 

IMASK=b#0000; 

{disable all interrupts} 


ICNTL=b#01 111; 

{edge sensitive interrupts} 


SI = M; 

{set decimation counter to M} 


DM(counter)= SI; 

{for first input data sample} 


l4 =/ coef; 

L4=%coef; 

{setup a circular buffer in PM} 


M4=1 ; 

{modifier for coef is 1} 


IO =/ clata; 

L0=%data; 

{setup a circular buffer in DM} 


M0=1; 

{modifier for data is 1} 


IMASK=b#1000; 

{enable interrupt 3} 

waitjnterrupt: 

JUMP waitjnterrupt; 

{infinite wait loop} 


{ Decimator, code executed at the sample rate } 

sample: AYO^DM(adc); 

DM(I0,M0)=AY0; {update delay line with newest} 

AYO=DM(counter); 

AR=AY0-1; {decrement and update counter} 

DM(counter)=AR; 

IF NE RTI; {test and return if not M times} 

{ code below executed at 1/M times the sample rate } 

do_fir: AR=M; {reset the counter to M} 

DM(counter)=AR; 

CNTR=N - 1; 

MR=0, MXO=DM(IO,MO), MY0=PM(I4,M4); 

DO taploop UNTIL CE; {N-1 taps of FIR} 

taploop: MR=MR + MX0*MY0(SS), MXO=DM(IO,MO), MY0=PM(I4,M4); 

MR=MR + MX0*MY0(RND); {last tap with round} 

IF MV SAT MR; {saturate result if overflow} 

DM(dac)=MR1; {output data sample} 

RTI; 

.ENDMOD; 

Listing 1. Decimation Filter 



The routine uses two circular buffers, one for data sam- 
ples and one for coefficients, that are each N locations 
long. The coef buffer is located in program memory and 
stores the filter coefficients. Each time an output is cal- 
culated, the decimator accesses all these coefficients in 
sequence, starting with the first location in coef. The 14 
index register, which points to the coefficient buffer, is 
modified by one (from modify register MO) each time it 
is accessed. Therefore, 14 is always modified back to the 
beginning of the coefficient buffer after the calculation is 
complete. 


The FIR filter equation starts the convolution with the 
most recent data sample and accesses the oldest data 
sample last. Delay lines implemented with circular buff- 
ers, however, access data in the opposite order. The 
oldest data sample is fetched first from the buffer and 
the newest data sample is fetched last. Therefore, to 
keep the data/coefficient pairs together, the coefficients 
must be stored in memory in reverse order. 
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The relationship between the address and the contents 
of the two circular buffers (after N inputs have occurred) 
is shown in the table below. The data buffer is located in 
data memory and contains the last N data samples input 
to the filter. Each pass of the filter accesses the locations 
of both buffers sequentially (the pointer is modified by 
one), but the first address accessed is not always the 
first location in the buffer, because the decimation filter 
inputs M samples into the delay line before starting each 
filter pass. For each pass, the first fetch from the data 
buffer is from an address M greater than for the previous 
pass. The data delay line moves forward M samples for 
every output calculated. 


Data 


Coefficient 



DM(Q) 

= x(n-(N-1)) oldest 

PM(0) 

= 

h(N — 1 ) 

DM(1) 

= x(n-(N-2)) 

PM(1) 

= 

h(N-2) 

DM(2) 

= x(n-(N-3)) 

• 

PM(2) 

• 

h(N — 3) 


• 


• 



• 


• 


DM(N— 3) 

= x(n— 2) 

PM(N— 3) 

= 

h(2) 

DM(N-2) 

= x(n-1) 

PM(N-2) 

= 

h(1) 

DM(N-I) 

= x(n-0) newest 

PM(N-I) 

= 

h(0) 


A variable in data memory is used to store the decima- 
tion counter. One of the processor's registers could have 
been used for this counter, but using a memory location 
allows for expansion to multiple stages of decimation. 

The number of cycles required for the decimation filter 
routine is shown below. The ADSP-2100 takes one cycle 
to calculate each tap (multiply and accumulate), so only 
18+N cycles are necessary to calculate one output sam- 
ple of an N-tap decimator. The 18 cycles of overhead for 
each pass is just six cycles greater than the overhead of 
a non-multirate FIR filter. 

Interrupt Response 2 Cycles 

Fetch Input 1 Cycle 

Write Input to Data Buffer 1 Cycle 

Decrement and Test Counter 4 Cycles 

Reload Counter with M 2 Cycles 

FIR Filter Pass 7+N Cycles 

Return from Interrupt 1 Cycle 

Maximum Total 18 + N Cycles/Output 


A More Efficient Decimator 

The routine in Listing 1 requires that the 18+N cycles 
needed to calculate an output occur during the first of 
the M input sample intervals. No calculations are done 
in the remaining M-1 intervals. This limits the number 
of filter taps that can be calculated in real time to: 


where t CLK is the instruction cycle time of the processor. 

An increase in this limit by a factor of M occurs if the 
program is modified so that the M data inputs overlap 
the filter calculations. This more efficient version of the 
program is shown in Listing 2. 

In this example, a circular buffer input_buf stores the M 
input samples. The code for loading input_buf\s placed 
in an interrupt routine to allow the input of data and the 
FIR filter calculations to occur simultaneously. 

A loop waits until the input buffer is filled with M sam- 
ples before the filter output is calculated. Instead of 
counting input samples, this program determines that M 
samples have been input when the input buffer's index 
register 10 is modified back to the buffer's starting ad- 
dress. This strategy saves a few cycles in the interrupt 
routine. 

After M samples have been input, a second loop trans- 
fers the data from input_buf to the data buffer. An output 
sample is calculated. Then the program checks that at 
least one sample has been placed in input_buf. This 
check prevents a false output if the output calculation 
occurs in less than one sample interval. Then the pro- 
gram jumps back to wait until the next M samples have 
been input. 

This more efficient decimation filter spreads the calcula- 
tions over the output sample interval 1/F S ' instead of the 
input interval 1/F S . The number of taps that can be cal- 
culated in real time is: 

M 

N = — 20 -2 M - 6(M— 1 ) 

' S *CLK 

which is approximately M times greater than for the first 
routine. 
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{DEC_EFF.dsp 

Real time Direct Form FIR Filter, N taps, decimates by M for a decrease of 1/M times the input sample rate. This version 
uses an input buffer to allow the filter computations to occur in parallel with inputs. This allows larger order filter for a 
given input sample rate. To save time, an index register is used for the input buffer as well as for a decimation counter. 

INPUT: adc 
OUTPUT: dac 


.MODULE/RAM/ABS=0 

eff_decimate; 


.CONST 

N = 300; 


.CONST 

M=4; 

{decimate by factor of M} 

.VAR/PM/RAM/CIRC 

coef[N]; 


.VAR/DM/RAM/CIRC 

data[N]; 


.VAR/DM/RAM/CIRC 

input_buf[M]; 


.PORT 

adc; 


.PORT 

dac; 


.INIT 

coef:<coef.dat>; 


RTI; 

{interrupt 0} 


RTI; 

{interrupt 1} 


RTI; 

{interrupt 2} 


JUMP sample; 

{interrupt 3= input sample rate} 


initialize: 

IMASK=b#0000; 

{disable all interrupts} 


ICNTL=b#01 111; 

{edge sensitive interrupts} 


l4= , 'coef; 

{setup a circular buffer in PM} 


L4=%coef; 

M4=1 ; 

{modifier for coef is 1} 


I0="data; 

{setup a circular buffer in DM} 


L0=%data; 

M0=1 ; 

{modifier for data is 1} 


I1=1nput_buf; 

LI =%input_buf; 

{setup a circular buffer in DM} 


IMASK=b#1000; 

{enable interrupt 3} 

wait_M: 

AX0=I1 ; 

{wait for M inputs} 


AY0=1nput buf; 

AR=AX0-AY0; 

IF NE JUMP wait_M; 

{test if pointer is at start} 

{ code below executed at 1/M times the sample rate 

} 


CNTR-M; 

DO load_data UNTIL CE; 



AR=DM(I1,M0); 


load_data: 

DM(I0,M0)=AR; 


fir: 

CNTR = N - 1; 



MR=0, MX0=DM(I0,M0), MY0=PM(I4,M4); 


DO taploop UNTIL CE; 

{N-1 taps of FIR} 

taploop: 

MR = MR + MX0*MY0(SS), MX0=DM(I0,M0), MY0=PM(I4,M4); 


MR=MR+MX0*MY0(RND); 

{last tap with round} 


IF MV SAT MR; 

{saturate result if overflow} 


DM(dac)=MR1 ; 

{output data sample} 

wait_again: 

AX0=I1 ; 

AY0=1nput buf; 

AR=AX0-AY0; 

{test and wait if il still} 


IF EQ JUMP wait again; 

{points to start of input_buf} 


JUMP wait_M; 


{ sample input, code executed at the sample rate 

J 

sample: 

ENA SEC REG; 

{so no registers will get lost} 


AY0=DM(adc); 

{get input sample} 


DM(I1,M0)=AY0; 

RTI; 

{load in M long buffer} 

,ENDMOD; 

Listing 2. Efficient Decimation Filter 
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Figure 3. Decimator Hardware 



Decimator Hardware Configuration 

Both decimation filter programs assume an ADSP-2100 
system with the I/O hardware configuration shown in 
Figure 3. The processor is interrupted by an interval 
timer at a frequency equal to the input sample rate F s 
and responds by inputting a data value from the A/D 
converter. The track/hold (sampler) and the A/D con- 
verter (quantizer) are also clocked at this frequency. The 
D/A converter on the filter output is clocked at a rate of 
F s /M, which is generated by dividing the interval timer 
frequency by M. 

To keep the output signal jitter-free, it is important to 
derive the D/A converter's clock from the interval timer 
and not from the ADSP-2100. The sample period of the 
analog output should be disassociated from writes to 
the D/A converter. If an instruction-derived clock is used, 
any conditional instructions in the program could 
branch to different length program paths, causing the 
output samples to be spaced unequally in time. The D/A 
converter must be double-buffered to accommodate the 
interval-time-derived clock. The ADSP-2100 outputs data 
to one latch. Data from this latch is fed to a second latch 
that is controlled by an interval-timer-derived clock. 

Interpolation 

The process of recreating a continuous-time signal from 
its discrete-time representation is called reconstruction. 
Interpolation can be thought of as the reconstruction of 
a discrete-time signal from another discrete-time signal, 
just as decimation is equivalent to sampling the samples 
of a signal. Continuous-time (analog) signal reconstruc- 
tion and discrete-time (digital) signal reconstruction are 
analogous. 

Interpolation Filter Structure 

Figure 4a shows a block diagram of an interpolation 
filter. The two major differences from the decimation 
filter are that the interpolator uses a sample rate ex- 
pander instead of the sample rate compressor and that 
the interpolator's low-pass filter is placed after the rate 
expander instead of before the rate compressor. The 
rate expander, which is the block labeled with an up- 
arrow and L, inserts L-1 zero-valued samples after each 
input sample. The resulting w(m) is low-pass filtered to 



b. 


Figure 4. Interpolation Filter Block Diagram 

produce y(m), a smoothed, anti-imaged version of w(m). 
The transfer function of the interpolator H(k) incorpo- 
rates a gain of 1/L because the L-1 zeros inserted by the 
rate expander cause the energy of each input to be 
spread over L output samples. 

The low-pass filter of the interpolator uses an FIR filter 
structure for the same reasons that an FIR filter is used 
in the decimator, notably computational efficiency. The 
convolution equation for this filter is 

N- 1 

y(m) = ^ M) w(m-k) 

k = 0 

N-1 is the number of filter coefficients (taps) in h(k), 
w(m-k) is the rate expanded version of the input x(n), 
and w(m-k) is related to x(n) by 

w(m-k) = f x((m-k)/L) for m-k = 0, ±L, ±2L , . . . 

L 0 otherwise 

The signal flowgraph that represents the interpolation 
filter is shown in Figure 4b. A delay line of length N is 
loaded with an input sample followed by L-1 zeros. 
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then the next input sample and L-1 zeros, and so on. 
The output is the sum of the N products of each sample 
from the delay line and its corresponding filter coeffi- 
cient. The filter calculates an output for every sample, 
zero or data, loaded into the delay line. 

An example of the interpolator operation is shown in the 
signal flowgraph in Figure 5. The contents of the delay 
line for three consecutive passes of the filter are high- 
lighted. In this example, the interpolation factor L is 3. 
The delay line is N locations long, where N is the num- 
ber of coefficients of the filter; N=9 in this example. 
There are N/L or 3 data samples in the delay line during 
each pass. The data samples x(1), x(2), and x(3) in the 
first pass are separated by L-1 or 2 zeros inserted by the 
rate expander. The zero-valued samples contribute 
(L— 1 )N/L or 6 zero-valued products to the output result. 
These (L-1)N/L multiplications are unnecessary and 
waste processor capacity and execution time. 

A more efficient interpolation method is to access the 
coefficients and the data in a way that eliminates wasted 
calculations. This method is accomplished by removing 
the rate expander to eliminate the storage of the zero- 
valued samples and shortening the data delay line from 
N to N/L locations. In this implementation, the data delay 
line is updated only after L outputs are calculated. The 
same N/L (three) data samples are accessed for each set 
of L output calculations. Each output calculation ac- 
cesses every Lth (third) coefficient, skipping the coeffi- 
cients that correspond to zero-valued data samples. 
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Figure 5. Example Interpolator Flowgraph 


Crochiere and Rabiner refer to this efficient interpolation 
filtering method as polyphase filtering , because a differ- 
ent phase of the filter function h(k) (equivalent to a set of 
interleaved coefficients) is used to calculate each output 
sample. 


ADSP-2100 Interpolation Algorithm 

A circular buffer of length N/L located in data memory 
forms the data delay line. Although the convolution 
equation accesses the newest data sample first and the 
oldest data sample last, the ADSP-2100 fetches data 
samples from the circular buffer in the opposite order: 
oldest data first, newest data last. To keep the data/coef- 
ficient pairs together, the coefficients are stored in pro- 
gram memory in reverse order, e.g., h(N — 1 ) in PM(0) 
and h(0) in PM(N-I). 

Figure 6 shows a flowchart of the interpolation algo- 
rithm. The processor waits in a loop and is interrupted at 
the output sample rate (L times the input sample rate). In 
the interrupt routine, the coefficient address pointer is 
decremented by one location so that a new set of inter- 
leaved coefficients will be accessed in the next filter 
pass. A counter tracks the occurrence of every Lth out- 
put; on the Lth output, an input sample is taken and the 
coefficient address pointer is set forward L locations, 
back to the first set of interleaved coefficients. The out- 
put is then calculated with the coefficient address 
pointer incremented by L locations to fetch every Lth 
coefficient. One restriction in this algorithm is that the 
number of filter taps must be an integral multiple of the 
interpolation factor; N/L must be an integer. 



Figure 6. Interpolation Flowchart 
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Listing 3 is an ADSP-2100 program that implements this 
interpolation algorithm. The ADSP-2100 is capable of 
calculating each filter pass in ((N/L)+17) processor in- 
struction cycles. Each pass must be calculated within the 
period between output samples, equal to 1/F S L. Thus the 
maximum number of taps that can be calculated in real 
time is: 


where t CLK is the processor cycle time and F s is the input 
sampling rate. 

The interpolation filter has a gain of 1/L in the passband. 


One method to attain unity gain is to premuitiply 
(offline) all the filter coefficients by L. This method re- 
quires the maximum coefficient amplitude to be less 
than 1/L, otherwise the multiplication overflows the 16- 
bit coefficient word length. If the maximum coefficient 
amplitude is not less than 1/L, then you must multiply 
each output result by 1/L instead. The code in Listing 4 
performs the 16-by-32 bit multiplication needed for this 
gain correction. The MY1 register should be initialized to 
L at the start of the routine, and the last multiply/accu- 
mulate of the filter should be performed with (SS) for- 
mat, not the rounding option. This code multiplies a 
filter output sample in 1.31 format by the gain L, in 16.0 
format, and produces in a 1.15 format corrected output 
in the SRO register. 
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{INTERPOLATE. dsp 

Real time Direct Form FIR Filter, N taps, uses an efficient algorithm to interpolate 
by L for an increase of L times the input sample rate. A restriction on the number 
of taps is that N/L be an integer. 

INPUT: adc 
OUTPUT: dac 

} 


.MODULE/RAM/ABS- 

0 interpolate; 


.CONST 

N=30; 


.CONST 

L=4; 

{interpolate by factor of L} 

.CONST 

NoverL=75; 


.VAR/PM/RAM/CIRC 

coef[N]; 


.VAR/DM/RAM/CIRC 

data[NoverL]; 


.VAR/DM/RAM 

counter; 


.PORT 

adc; 


.PORT 

dac; 


.INIT 

coef:<coef.dat>; 

RTI; 

{interrupt 0} 


RTI; 

{interrupt 1} 


RTI; 

{interrupt 1} 

JUMP sample; 


{interrupt 3 at (L*input rate)} 

initialize: 

IMASK=b#0000; 

{disable all interrupts} 


ICNTL=b#01 111; 

{edge sensitive interrupts} 


SI = 1 ; 

{set interpolate counter to 1} 


DM(counter) = SI; 

{for first data sample} 


l4=~coef; 

L4=%coef; 

{setup a circular buffer in PM} 


M4=L; 

{modifier for coef is L} 


M5=-1 ; 

{modifier to shift coef back -1} 


I0=~data; 

{setup a circular buffer in DM} 


L0=%data; 

M0=1; 

IMASK=b#1000; 

{enable interrupt 3} 

waitjnterrupt: 

JUMP waitjnterrupt; 

{infinite wait loop} 

{ 

Interoolate 

I 

sample: 

M0DIFY(I4,M5); 

{shifts coef pointer back by -1} 


AYO=DM(counter); 

AR=AY0-1; 

{decrement and update counter} 


DM(counter)=AR; 

IF NE JUMP dojir; 

{test and input if L times} 

{ incut data samole. code executed at the samole rate I 

dojnput: 

AY0=DM(adc); 

{input data sample} 


DM(I0,M0)=AY0; 

{update delay line with newest} 


M0DIFY(I4,M4); 

{shifts coef pointer up by L} 


DM(counter)=M4; 

{reset counter to L} 


{ filter pass, occurs at L times the input sample rate. 


do_fir: CNTR = NoverL - 1; {N/L— 1 since round on last tap} 

MR=0, MX0 = DM(I0,M0), MY0=PM(I4,M4); 

DO taploop UNTIL CE; {N/L— 1 taps of FIR} 
taploop: MR = MR + MX0*MY0(SS), MX0=DM(I0,M0), MY0=PM(I4,M4); 

MR = MR+MX0*MY0(RND); {last tap with round} 

IF MV SAT MR; {saturate result if overflowed} 

DM(dac)=MR1; {output sample} 

RTI; 

.ENDMOD; 

Listing 3. Efficient Interpolation Filter 
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MX 1 = MR1; 

MR= MR0*MY1 ( UU ); 

MRO= MR1 ; 

MR1= MR2; 

MR= MR+MX1 *MY1 ( SU ); 

SR= LSHIFT MRO BY - 1 (LO); 

SR= SR OR ASHIFT MR1 BY - 1 (HI); 

Listing 4. Extended Precision Multiply 


interpolator Hardware Configuration 
The I/O hardware required for the interpolation filter is 
the same as that for the decimation filter with the excep- 
tion that the interval timer clocks the output D/A con- 
verter, and the input A/D converter is clocked by the 
interval counter signal divided by L. The interval timer 
interrupts the ADSP-2100 at the output sample rate. This 
configuration is shown in Figure 7. 
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Electronic Adjustment Made Easy with the TrimDAC™ 

by Walter Heinzer and Joe Buxton 


The TrimDAC™ is a multi-channel d/a converter de- 
signed specifically for adjusting gains and dc levels in 
electronic circuits digitally and without moving parts. It 
combines many of the properties of the adjusting 
pot(entiometer) with the prospect of hands-off auto- 
matic adjustment and high reliability. The highly desir- 
able attributes of TrimDACs include small package size, 
many devices per package, serial interface (reduces pin 
count) and low power dissipation. TrimDACs in elec- 
tronic adjustment reduce cost in two ways: the higher 
speed of adjustment under software control saves time 
and capital investment; and the device itself is quite 
cheap. 

Most designers of new circuit designs would like to 
avoid the once-ubiquitous variable resistor because of 
its mechanical sensitivity, relatively wide absolute toler- 
ances, and high labor cost. But there is generally a need 
for factory adjustments and calibrations in electronic 
equipment. Even digital products need a power supply 
adjusted or calibrated to a specified tolerance. And 
many electronic systems are connected to real world 
sensors or output devices in systems that need calibra- 
tion. A key issue facing engineers who design such sys- 
tems is cost reduction of factory calibration and field 
maintenance. 

Electronic factory-calibration of chips by semiconductor 
manufacturers is already widely used; calibration and 
adjustment problems are solved on (and with) inte- 
grated circuits by autozero, self-calibration, Zener-zap, 
fuse link, EPROM and laser trim. Something akin to this 
in larger-scale real-world systems is highly desirable. 

Recognizing this problem, we sought to design products 
to fill the need for digitally adjustable electronic devices 
to automate, speed up, and eliminate manual and me- 
chanical adjustments. 

For example, consider the CRT display; curvature aber- 
rations in the manufacturing of glass tubes require that 
the elements of focus (convergence & color purity) be 

TrimDAC is a trademark of Analog Devices, Inc. 


individually adjusted, especially for high-resolution 
displays. Since the convergence adjustment of CRT dis- 
play systems with resolutions of more than 1,000 lines 
requires that 6 to 8 variable-resistor adjustments be 
made in high-volume production — currently by robot- 
controlled screwdrivers — displays are ideal candidates 
for electronically controlled adjustment devices. The 
TrimDAC™ offers an attractive alternative to this 
mechanical adjustment approach. Previously a labor- 
(human or robot) intensive process taking minutes, the 
operation now can be done in seconds. 

VOLTAGE ADJUSTMENT, THE FIRST GENERATION 

The first TrimDAC, the DAC-8800, is a monolithic CMOS 
1C with all the ingredients necessary for general-purpose 
dc voltage setting. It contains eight unbuffered voltage- 
output d/a converters in a 20-pin skinny DIP package 
(Figure 1 ). The output voltage range, unipolar or bipolar, 
can be independently set for each group of four DACs. 
Output voltage ranges are established by the choice of 
high- and low- external-reference inputs. The 8-bit DACs 
provide 256 voltage levels within each range. 


V D D VrEfM V ref Hi 



Figure 1. DAC-8800 Block Diagram. Shared References 
Determine Output Voltage Range. 
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A TTL-compatibie 3-wire serial interface loads the con- 
tents of the eight internal DAC registers. These can all be 
set to zero by an asynchronous Clear (CLR) input, very 
handy for system power-up. An internal regulator pro- 
vides TTL compatibility over a wide range of V DD supply 
voltages. Single-supply operation is available by con- 
necting V ss to GND. The device achieves its perfor- 
mance and flexibility with a low 24 mW of dissipation. 

The output voltage of each DAC is changed by clocking 
an 11-bit word (3 address bits, 8 data bits) into the serial 
shift register. The internal logic decodes the three ad- 
dress bits to establish which internal DAC register will 
receive the 8 bits of data from the serial register during 
the Load (LD) strobe. One DAC is updated with each LD 
strobe. At the maximum clock rate of 6.6 MHz, all eight 
d/a converters can be loaded in as little as 14 microsec- 
onds. 

The output voltage range is determined by the external 
input voltages applied to V REFH and V REFL (Figure 2). If 
Vss is negative, V REFL may be set to a negative value; 
this results in a programmable bipolar range of output 
voltages. The relationship between V OUT and V REFH , 
Vrefu and the digital input, D (a base-10 integer between 
0 and 255), is: 

VouAD) = ( D/256) (V REFH — V REFL ) + V REFL 

The DAC-8800 is tested for operation with V DD = 12 V 
and Vss - 0 V or -5V. However, it was designed to 
operate from a wide variety of available supply-voltage 
combinations. Here are some typical pairings: V DD , 
V ss = +!5 V, 0 V; + 12 V f 0 V; +12 V, -5 V; +5 V-5 V; 
+5 V, -12 V; +5 V, 0 V. 

The primary application of the DAC-8800 is with fixed 
reference inputs for dc voltage setting. Outputs may be 
applied directly to high-impedance circuits— or to exter- 
nal op amps for buffering. 



Figure 2. Simplified Equivalent Voltage-Switching DAC 
Circuit. The Output Resistance Remains Constant at a 
Nominal 11 kfl. 


ADDING GAIN: THE SECOND GENERATION 

Second-generation TrimDACs, such as the DAC-8840 
and DAC-8841, solve the problem of replacing variable 
resistors for adjusting ac or varying dc voltages— for 
example, in audio volume control. Other common appli- 
cations where ac signals must be attenuated include 
some circuits found in video displays, projection-TV 
displays, instrumentation, oscilloscopes, medical gear, 
modulation circuits, modems, and so on. 

The DAC-8840 contains a multiplying DAC structure with 
four-quadrant multiplying capability. Figure 3 shows the 
connection of one of the eight independent channels of 
the DAC-8840. This multiplying channel has a 1-MHz 

R 



Figure 3. One Channel of the Four-Quadrant Multiplying 
DAC-8840. 

bandwidth for ±3-V input signal levels while operating 
from ±5-V supplies. A typical signal channel has 0.01% 
total harmonic distortion and can slew at 2.5 V/jjls. Be- 
cause the output amplifier is connected in a differencing 
(push-pull) configuration, the gain for signals applied to 
V )N can range from full-scale positive to full-scale nega- 
tive, depending on the applied digital (offset binary) 
word. The magnitude of the binary word corresponds to 
the wiper position of a pot, with zero output at half- 
scale; a Preset control input sets all DACs to this "zero" 
position. Figure 4 describes this serial input CMOS octal 
D/A converter in greater detail. 

The gain transfer function of a DAC-8840 channel is: 
V our (D) = (D/128-1) V IN 

where D is the value of the binary input, a decimal 
integer between 0 and 255. At full-scale, 
V OU T = 127/128 x V IN ; when D = 128 (also the Preset 
condition), V OUT equals zero volts; and when D = zero, 

Vout = ~ V fN . 

In the DAC-8840, eight DAC registers store the output 
state; they are updated from an internal serial-to-parallel 
shift register loaded from a standard 3-wire serial-input 
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Figure 4. D AC-8840 Block Diagram. Note the 3-Wire 
Input and Serial Data Output Pin (SDO) for Daisy- 
Chaining Additional Packages. 


width. AC signals applied to the V IN terminal can be 
attenuated to zero or amplified by a factor of up to two, 
with 256 possible level settings from zero to 2 x 
(255/256) V IN : 

VqutW) = 2 x (D/256) x (V IN - V REFL ) + V REFL 



Vout 


Figure 6. Internal Connections of the +5-V-only D AC- 
8841. 


digital interface. The data word clocked into the serial- 
input register (SDI) consists of 12 bits; the first four 
determine the address of the DAC register to be loaded 
with the 8 data-bits. A serial data output pin at the other 
end of the shift register (SDO) allows simple daisy- 
chaining in multiple DAC applications without additional 
external decoding logic (Figure 5). The fourth address 
bit, which decodes as a NOP for the package, makes it 
possible to select a single DAC in one of the packages to 
be updated when all the packages receive the common 
LD DAC strobe signal. 



Figure 5. DAC-8840s in a Serial Daisy Chain Minimize 
Chip Decoders. 

The DAC-8841, a mask option of the DAC-8840, offers an 
ideal octal DAC for +5-V single-supply applications. The 
DAC and amplifier of each channel are configured as 
shown in Figure 6, with the amplifier connected for a 
non-inverting gain of two. This configuration is a 
2-quadrant multiplying arrangement with a 1-MHz band- 


VARIABLE RESISTORS VERSUS TRIMDACS 

From the above overview of the DAC-8800 and DAC- 
8840/41 TrimDACs, we can compare them to mechani- 
cally variable resistors (pots), reviewing the strengths 
and weaknesses of each. 

Advantages of TrimDACs over Potentiometers: Better 
mechanical stability, improved product life, improved 
temperature coefficients, smaller size; computer control 
can eliminate technician costs; remote operation, con- 
stant output resistance, and low output resistance with 
low power dissipation. 

Advantages of Potentiometers over TrimDACs: Voltage 
range usually much greater, no separate power supply 
required, simple human interface, no memory required, 
no "zipper noise" (the sound heard when using a DAC to 
adjust audio levels). 

Another useful advantage of the potentiometer at 
present is a nonvolatile memory. That is, in a vibration- 
free environment, the wiper of the potentiometer stays 
where it was last set, even with the power off. The 
TrimDAC™ devices described here do not contain non- 
volatile memory; for them, the required memory is gen- 
erally supplied by system E 2 PR0M. Since in many of 
today's systems a low-cost high-density E 2 PROM holds 
system set points for current time, date, mode, parame- 
ters and so on, it is an easy matter to share this nonvol- 
atile memory with the TrimDAC calibration set points; 
they are reloaded at system powerup. 

TYPICAL APPLICATIONS 

In professional audio equipment, voltage-controlled am- 
plifiers (VCA) are used to set gain, fade, pan and mix 
signals. The dc control inputs of these VCAs are ideally 
controlled by the DAC-8800 (Figure 7). The addition of 
the capacitor at the VCA voltage control port, VC, helps 
to limit the slew rate, reducing the clicking to a subaudi- 
ble level. One DAC-8800 can control 8 channels of loga- 
rithmically set gain and attenuation levels. 
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Figure 7. Setting Gain of a Voltage-Controlled Amplifier 
in Professional Audio Equipment. One DAC-8800 Can 
Serve 8 Channels. The Damping Capacitor at the Voltage- 
Control Point Minimizes Zipper Noise by Slowing Rates 
of Gain Change to Subaudio Frequencies. 

Figure 8 shows a selection of output configurations of a 
DAC-8800, including simple buffers, summing circuits 
with coarse/fine control, and adding gain for increased 
output swing. A DAC-8800 can be used in system offset 
nulling by connecting its output to the summing node of 
any convenient op amp, using an appropriate value of 
summing resistance or a T-network. 


♦ 12V 



Figure 8. Some Ways of Buffering the DAC-8800 Output. 


For video convergence and deflection control, especially 
in multi-sync displays, the DAC-8840 can be used to 
adjust the sawtooth waveform amplitudes, their refer- 
ence bias voltages, and the parabolic waveforms used to 
linearize them as they are summed together to drive the 
CRT deflection. Figure 9 shows a block diagram of a 
typical arrangement. 



DEFLECTION 


Figure 9. DAC-8840' s Four-Quadrant Multiplying Capa- 
bility Simplifies Amplitude Adjustment of Waveform 
Components in Video Deflection. 

Availability 

The 20-pip DAC-8800, and the 24-pin DAC-8840 and 
DAC-8841 are available for two temperature ranges— ex- 
tended industrial (-40°C to +85°C) and military (-55°C 
to +125°C). Packaging includes plastic and ceramic DIPs 
and SOL surface-mount packages. 

The DAC-8800 was designed by Patrick Copley, who 
also — with Jim Brubaker— designed the DAC-8840 & 
DAC-8841 at the Precision Monolithics Division of Ana- 
log Devices, Santa Clara, CA. 
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Page 

Plastic DIP 





N-8 

P 

8-Lead 


12-3 

N-14 

P 

14-Lead 


12-4 

N-16 

P 

16-Lead 


12-5 

N-18 

P 

18-Lead 


12-6 

N-20 

P 

20-Lead 


12-7 


P 

22-Lead 


12-8 

N-24 

P 

24-Lead (Narrow Body) 


12-9 

N-28 

P 

28-Lead 


12-10 

N-28A 

P 

28-Lead 


12-11 

N-40A 

P 

40-Lead 


12-12 


P 

48-Lead 


12-13 

Small Outline (SOIC) 

R-8 


8-Lead (Narrow Body) 


12-14 


S 

8-Lead (Narrow Body) 


12-15 

R-14 

S 

14-Lead (Narrow Body) 


12-16 

R-16 


16-Lead (Wide Body) 


12-17 

R-16A 

s 

16-Lead (Narrow Body) 


12-18 

R-20 

s 

20-Lead (Wide Body) 


12-19 

R-24 

s 

24-Lead (Wide Body) 


12-20 

R-28 

s 

28-Lead (Wide Body) 


12-21 

Cerdip 





Q-8 

z 

8-Lead 

D4-1 

12-22 

Q-14 

Y 

14-Lead 

Dl-1 

12-23 

Q-16 

Q 

16-Lead 

D2-1 

12-24 

Q-20 

R 

20-Lead 

D8-1 

12-25 

Q-24 

W 

24-Lead (Narrow Body) 

D3-1 

12-26 

Q-28 

Metal Can 

T 

28-Lead 

D10-1 

12-27 

H-08A 


8-Lead (TO-99) 


12-28 

H-12A 


12-Lead (TO-8) 


12-29 

Leadless Chip Carrier (Ceramic) 

E-20A 

RC 

20-Terminal 

C-2 

12-30 

E-28A 

TC 

28-Terminal 

C-4 

12-31 

E-68A 


68-Terminal 

C-7 

12-32 

Leaded Chip Carrier (Gull Wing) 

Z-68 


68-Lead Leaded Chip Carrier (Ceramic) 


12-33 

Plastic Leaded Chip Carrier 
(PLCC) 





P-20A 

PC 

20-Lead 


12-34 

P-28A 

PC 

28-Lead 


12-35 

P-44A 


44-Lead 


12-36 

P-68A 


68-Lead 


12-37 
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ADI Letter 

PMI Letter 

Package 

MIL-M385I0 

Applicable 

Designator 

Designator 

Description 

Configuration Page 

J-Leaded Chip Carrier 

J-28 


28-Lead 

12-38 

Side Brazed DIP (Ceramic) 

D-28A 


28-Lead 

12-39 

Pin Grid Array 

G-68A 


68-Lead 

12-40 

G-100A 


100-Lead 

12-41 

G-223 


223-Lead 

12-42 

Plastic Quad Flat Pack 

P-100 


100-Lead 

12-43 

Ceramic Quad Flat Pack 

Z-100 


100-Lead 

12-44 

Plastic Pin Grid Array 

223 


223-Lead 

12-45 
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Package Outline Dimensions 


N-8 

8-Lead Plastic DIP 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.210 


5.33 


a 2 

0.115 

0.195 

2.93 

4.95 


b 

0.014 

0.022 

0.356 

0.558 


bi 

0.045 

0.070 

1.15 

1.77 


c 

0.008 

0.015 

0.204 

0.381 


D 

0.348 

0.430 

8.84 

10.92 

2 

E 

0.300 

0.325 

7.62 

8.25 


Ei 

0.240 

0.280 

6.10 

7.11 

2 

e 

0.100 BSC 

2.54 BSC 


L 

0.125 

0.200 

3.18 

5.05 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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N-14 

14-Lead Plastic DIP 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.210 


5.33 


a 2 

0.115 

0.195 

2.93 

4.95 


b 

0.014 

0.022 

0.356 

0.558 


bi 

0.045 

0.070 

1.15 

1.77 


c 

0.008 

0.015 

0.204 

0.381 


D 

0.725 

0.795 

18.42 

20.19 

2 

E 

0.300 

0.325 

7.62 

8.25 


Ei 

0.240 

0.280 

6.10 

7.11 

2 

e 

0.100 BSC 

2.54 BSC 


L 

0.125 

0.200 

3.18 

5.05 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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N-16 

16-Lead Plastic DIP 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.210 


5.33 


a 2 

0.115 

0.195 

2.93 

4.95 


b 

0.014 

0.022 

0.356 

0.558 


bi 

0.045 

0.070 

1.15 

1.77 


c 

0.008 

0.015 

0.204 

0.381 


D 

0.745 

0.840 

18.93 

21.33 

2 

E 

0.300 

0.325 

7.62 

8.25 


Ei 

0.240 

0.280 

6.10 

7.11 

2 

e 

0.100 BSC 

2.54 BSC 


L 

0.125 

0.200 

3.18 

5.05 


Lt 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 


PACKAGE INFORMATION 12-5 




18-Lead Epoxy DIP 

(P) Suffix 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.210 


5.33 


b 

0.014 

0.022 

0.356 

0.558 


b, 

0.045 

0.070 

1.15 

1.77 


c 

U2J 

0.015 

0.20 

0.38 


D 

0.845 

0.925 

21.46 

23.49 

3 

E 

0.240 

0.280 

6.10 

7.11 

3 

E, 

0.300 

0.325 

7.62 

8.25 

2 

e 

0.100 BSC 

2.54 BSC 


L 

0.115 

0.160 

2.92 

4.06 


L, 

0.130 


3.30 



Q 

0.015 


0.38 



a 

0° 

15° 

0° 

15° 



NOTES 

1. Minor changes in dimensions may occur without 
advance notice. 

2. Dimensions "E/' to center of leads when formed 
parallel. 

3. D and E dimensions do not include mold flash or 
protrusion. 
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N-20 

20-Lead Plastic DIP 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.210 


5.33 


a 2 

0.115 

0.195 

2.93 

4.95 


b 

0.014 

0.022 

0.356 

0.558 


bi 

0.045 

0.070 

1.15 

1.77 


c 

0.008 

0.015 

0.204 

0.381 


D 

0.925 

1.060 

23.50 

26.90 

2 

E 

0.300 

0.325 

7.62 

8.25 


E, 

0.240 

0.280 

6.10 

7.11 

2 

e 

0.100 BSC 

2.54 BSC 


L 

0.125 

0.200 

3.18 

5.05 


L, 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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22-Pin Plastic DIP 




SYMBOL 

INCHES 

MILLIMETERS | 

MIN 

MAX 

MIN 

MAX 

A 


0.210 


5.33 

^2 

0.115 

0.195 

2.93 

4.95 

b 

0.014 

0.022 

0.356 

0.558 

b, 

0.045 

0.070 

1.15 

1.77 

c 

0.008 

0.015 

0.204 

0.381 

D 

1.020 

1.080 



E 

0.300 

0.325 

7.62 

8.25 

E, 

0.240 

0.280 

6.10 

7.11 

e 

0.100 BSC 

2.54 BSC 

L 

0.115 

0.160 

2.93 

4.06 

Q 

0.015 


0.38 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The dimension does not include mold flash or 
protrusions. 
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N-24 

24-Lead Plastic DIP 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.210 


5.33 


a 2 

0.115 

0.195 

2.93 

4.95 


b 

0.014 

0.022 

0.356 

0.558 


bi 

0.045 

0.070 

1.15 

1.77 


c 

0.008 

0.015 

0.204 

0.381 


D 

1.125 

1.275 

28.60 

32.30 

2 

E 

0.300 

0.325 

7.62 

8.25 


E-i 

0.240 

0.280 

6.10 

7.11 

2 

e 

0.100 BSC 

2.54 BSC 


L 

0.125 

0.200 

3.18 

5.05 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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N-28 

28-Lead Plastic DIP 




SYMBOL 

INCHES n 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.250 


6.35 


a 2 

0.125 

0.195 

3.18 

4.95 


b 

0.014 

0.022 

0.356 

0.558 


bi 


0.070 


1.77 


c 

0.008 

0.015 

0.204 

0.381 


D 

1.380 

1.565 

35.10 

39.70 

2 

E 

0.600 

0.625 

15.24 

15.87 


Ei 

0.485 

0.580 

12.32 

14.73 

2 

e 

0.100 BSC 

2.54 BSC 


L 

0.125 

0.200 

3.18 

5.05 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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N-28A 

28-Pin Plastic DIP 



SYMBOL 

INCHES 

MILLIMETERS 


MIN 

MAX 

MIN 

MAX 

NOTES 

A 


0.200 


5.080 


b 

0.015 

0.020 

0.381 

0.508 

3 

c 

0.008 

0.012 

0.203 

0.305 

3 

D 

1.440 

1.450 

35.580 

36.830 


E 

0.530 

0.550 

13.470 

13.970 


Ei 

0.594 

0.606 

15.090 

15.400 

2 

e 

0.096 

0.105 

2.420 

2.670 

4 

L 

0.120 

0.175 

3.050 

4.450 


Q 

0.020 

0.060 

0.560 

1.580 


a 

0° 

15° 

0° 

15° 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. Lead center when a is 0°. E, shall be measured at the 
centerline of the leads. 

3. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

4. Twenty-six spaces. 


PACKAGE INFORMATION 12-11 




























































R-8 

8-Lead Small Outline (SOIC) 



SYMBOL 

INCHES 

MILLIMETERS | 

MIN 

MAX 

MIN 

MAX 

A 

0.188 

0.198 

4.77 

5.03 

B 

0.150 

0.158 

3.81 

4.01 

C 

0.089 

0.107 

2.26 

2.72 

D 

0.014 

0.022 

0.36 

0.56 

F 

0.018 

0.034 

0.46 

0.86 

G 

0.050 BSC 

1.27 BSC 

J 

0.007 

0.015 

0.18 

0.38 

K 

0.005 

0.011 

0.125 

0.275 

L 

0.195 

0.205 

4.95 

5.21 

P 

0.224 

0.248 

5.69 

6.29 
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8-Lead Narrow-Body SO 
(S-Suffix) 




SEE DETAIL 
ABOVE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.0532 

0.0688 

1.35 

1.75 


b 

0.0138 

0.0192 

0.35 

0.49 


c 

0.0075 

0.0098 

0.19 

0.25 


D 

0.1890 

0.1968 

4.80 

5.00 


E 

0.1497 

0.1574 

3.80 

4.00 


H 

0.2284 

0.2440 

5.80 

6.20 


e 

0.0500 BSC 

1.27 BSC 


h 

0.0099 

0.0196 

0.25 

0.50 


L 

0.0160 

0.0500 

0.41 

1.27 


Q 

0.0040 

0.0098 

0.10 

0.25 


a 

0° 

8° 

0° 

8° 



NOTES 

1. Package dimensions conform to JEDEC specification 
MS-012-AA (Issue A, June 1985). 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 
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SO-14 

14-Lead Narrow-Body SO 
(S-Suffix) 




SEE DETAIL 


ABOVE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.0532 

0.0688 

1.35 

1.75 


b 

0.0138 

0.0192 

0.35 

0.49 


c 

0.0075 

0.0098 

0.19 

0.25 


D 

0.3367 

0.3444 

8.55 

8.75 


E 

0.1497 

0.1574 

3.80 

4.00 


H 

0.2284 

0.2440 

5.80 

6.20 


e 

0.0500 BSC 

1.27 BSC 


h 

0.0099 

0.0196 

0.25 

0.50 


L 

0.0160 

0.0500 

0.41 

1.27 


Q 

0.0040 

0.0098 

0.10 

0.25 


a 

0° 

8° 

0° 

8° 



NOTES 

1. Package dimensions conform to JEDEC specification 
MS-012-AB (Issue A, June 1985). 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 
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R-16 (S-Suffix) 

16-Lead Wide-Body SO 
(SOL-16) 




h x 45° 




SEE DETAIL 
ABOVE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

00926 

0.1043 

2.35 

2.65 


b 

0.0138 

0.0192 

0.35 

0.49 


c 

0.0091 

0.0125 

0.23 

0.32 


D 

0.3977 

0.4133 

10.10 

10.50 


E 

0.2914 

0.2992 

7.40 

7.60 


H 

0.3937 

0.4193 

10.00 

10.65 


e 

0.0500 BSC 

1.27 BSC 


h 

0.0098 

0.0291 

0.25 

0.74 


L 

0.0157 

0.0500 

0.40 

1.27 


Q 

0.0040 

0.0118 

0.10 

0.30 


a. 

0° 

8° 

0° 

8° 



NOTES 

1. Package dimensions conform to JEDEC specification 
MS-01 3-AA (issue A, June 1985). 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 
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R-16A (S-Suffix) 

16-Lead Narrow Body SO 
(SO-16) 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.0532 

0.0688 

1.35 

1.75 


b 

0.0138 

0.0192 

0.35 

0.49 


c 

0.0075 

0.0099 

0.19 

0.25 


D 

0.3859 

0.3937 

9.80 

10.00 


E 

0.1497 

0.1574 

3.80 

4.00 


H 

0.2284 

0.2440 

5.80 

6.20 


e 

0.0500 BSC 

1.27 BSC 


h 

0.0099 

0.0196 

0.25 

0.50 


L 

0.0160 

0.0500 

0.41 

1.27 


Q 

0.0040 

0.0098 

0.10 

0.25 


a 

0° 

8° 

0° 

go 



NOTES 

1. Package dimensions conform to JEDEC specification 
MS-01 2-AC (Issue A, June 1985). 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 
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R-20 (S-Suffix) 

20-Lead Wide-Body SO 
(SOL-20) 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.0926 

0.1043 

2.35 

2.65 


b 

0.0138 

0.0192 

0.35 

0.49 


c 

0.0091 

0.0125 

0.23 

0.32 


D 

0.4961 

0.5118 

12.60 

13.00 


E 

0.2914 

0.2992 

7.40 

7.60 


H 

0.3937 

0.4193 

10.00 

10.65 


e 

0.0500 BSC 

1.27 BSC 


h 

0.0098 

0.0291 

0.25 

0.74 


L 

0.0157 

0.0500 

0.40 

1.27 


Q 

0.0040 

0.0118 

0.10 

0.30 


a 

0° 

8° 

0° 

8° 



NOTES 

1. Package dimensions conform to JEDEC specification 
MS-013-AC (Issue A, June 1985). 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 
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R-24 (S-Suffix) 

24-Lead Wide-Body SO 
(SOL-24) 




h x 45° 



J 

SEE DETAIL 
ABOVE 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.0926 

0.1043 

2.35 

2.65 


b 

0.0138 

0.0192 

0.35 

0.49 


c 

0.0091 

0.0125 

0.23 

0.32 


D 

0.5985 

0.6141 

15.20 

15.60 


E 

0.2914 

0.2992 

7.40 

7.60 


H 

0.3937 

0.4193 

10.00 

10.65 


e 

0.0500 BSC 

1.27 BSC 


h 

0.0098 

0.0291 

0.25 

0.74 


L 

0.0157 

0.0500 

0.40 

1.27 


Q 

0.0040 

0.0118 

0.10 

0.30 


ot 

0° 

8° 

0° 

8° 



NOTES 

1. Package dimensions conform to JEDEC specification 
MS-013-AD (Issue A, June 1985). 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 
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R-28 (S-Suffix) 

28-Lead Wide-Body SO 
(SOL-28) 





SEE DETAIL 
ABOVE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.0926 

0.1043 

2.35 

2.65 


b 

0.0138 

0.0192 

0.35 

0.49 


c 

0.0091 

0.0125 

0.23 

0.32 


D 

0.6969 

0.7125 

17.70 

18.10 


E 

0.2914 

0.2992 

7.40 

7.60 


H 

0.3937 

0.4193 

10.00 

10.65 


e 

0.0500 BSC 

1.27 BSC 


h 

0.0098 

0.0291 

0.25 

0.74 


L 

0.0157 

0.0500 

0.40 

1.27 


Q 

0.0040 

0.0118 

0.10 

0.30 


a 

0° 

8° 

0° 

8° 



NOTES 

1. Package dimensions conform to JEDEC specification 
MS-013-AE (Issue A, June 1985). 

2. Index area; a dimple or lead one identification mark is 
located adjacent to lead one and is within the shaded 
area shown. 
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Q-8 

8-Lead Cerdip 


SEATING 


PLANE 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

7 

b, 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

0.20 

0.38 

7 

D 


0.405 


10.29 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.290 

0.320 

7.37 

8.13 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.055 


1.35 

5 

s, 

0.005 


0.13 


5 

a 

0° 

15° 

0° 

15° 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension bj may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E 1 shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Six spaces. 
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Q-14 

14-Lead Cerdip 


SEATING 

PLANE 



SYMBOL 

INCHES 

MILLIMETERS 


MIN 

MAX 

MIN 

MAX 

NOTES 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

7 

bi 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

0.20 

0.38 

7 

D 


0.785 


19.94 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.290 

0.320 

7.37 

8.13 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.098 


2.49 

5 

s, 

0.005 


0.13 


5 

a 

0° 

15° 

0° 

15° 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b-i may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E 1 shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Twelve spaces. 
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Q-16 

16-Lead Cerdip 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

7 

bi 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

0.20 

0.38 

7 

D 


0.840 


21.34 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

Ei 

0.290 

0.320 

7.37 

8.13 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 


L, 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.080 


2.03 

5 

s, 

0.005 


0.13 


5 

a 

0° 

15° 

0° 

15° 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b 1 may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Fourteen spaces. 
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Q-20 

20-Lead Cerdip 


SEATING 

PLANE 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

7 

bi 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

0.20 

0.38 

7 

D 


1.060 


26.92 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.290 

0.320 

7.37 

8.13 

6 

a 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 


Li 

0.150 


3.81 



Q 

0.015 

0.060 

.0.38 

1.52 

3 

S 


0.098 


2.49 

5 

Si 

0.005 


0.13 


5 

a 

0° 

15® 

0® 

15® 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension bj may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E 1 shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Eighteen spaces. 
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Q-24 

24-Lead Cerdip 


SEATING 

PLANE 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

7 

b, 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

0.20 

0.38 

7 

D 


1.280 


32.51 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.290 

0.320 

7.37 

8.13 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 


L, 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.098 


2.49 

5 

s, 

0.005 


0.13 


5 

a 

0° 

15° 

0° 

15° 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b 1 may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E-, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Twenty-two spaces. 
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Q-28 

28-Lead Cerdip 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b 1 may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when u is 0°. E, shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Twenty-six spaces. 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.225 


5.72 


b 

0.014 

0.026 

0.36 

0.66 

7 

b i 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.018 

0.20 

0.46 

7 

D 


1.490 


37.85 

4 

E 

0.500 

0.610 

12.70 

15.49 

4 

Ei 

0.590 

0.620 

14.99 

15.75 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 


L, 

0.150 


3.81 



Q 

0.015 


0.38 


3 

S 


0.100 


2.54 

5 

s, 

0.005 


0.13 


5 

a 

0° 

15° 

0° 

15° 
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H-08A 

8-Lead Metal Can (TO-99) 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.165 

0.185 

4.19 

4.70 


4>b 

0.016 

0.019 

0.41 

0.48 

1,4 


0.016 

0.021 

0.41 

0.53 

1,4 

<t>D 

0.335 

0.370 

8.51 

9.40 



0.305 

0.335 

7.75 

8.51 


<J>D 2 

0.110 

0.160 

2.79 

4.06 


e 

0.200 BSC 

5.08 BSC 

3 

«i 

0.100 BSC 

2.54 BSC 

3 

F 


0.040 


1.02 


k 

0.027 

0.034 

0.69 

0.86 


k. 

0.027 

0.045 

0.69 

1.14 


L 

0.500 

0.750 

12.70 

19.05 


L, 


0.050 


1.27 


l 2 

0.250 


6.35 



Q 

0.010 

0.045 

0.25 

1.14 


a 

45° BSC 

45° BSC 

3 



NOTES 

1. (All leads) <j>b applies between L, and L 2 . cj>bi applies 
between L 2 and 0.500" (12.70mm) from the reference 
plane. Diameter is uncontrolled in 1.! and beyond 0.500" 
(12.70mm) from the reference plane. 

2. Measured from the maximum diameter of the 
product. 

3. Leads having a maximum diameter 0.019" (0.48mm) 
measued in gauging plane 0.054" (1.37mm) + 0.001" 
(0.03mm) - 0.000" (0.00mm) below the base plane of 
the product are within 0.007" (0.18mm) of their true 
position relative to the maximum width tab. 

4. All leads - increase maximum limit 0.003" (0.08mm) 
when hot solder dip finish is applied. 
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H-12A 

12-Lead Metal Can (TO-8 Style) 




SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.148 

0.181 

3.76 

4.60 


4>b 

0.016 

0.019 

0.41 

0.48 

1 

4>b, 

0.016 

0.021 

0.41 

0.53 

1 

<)>D 

0.592 

0.610 

15.04 

15.44 


*0, 

0.545 

0.555 

13.84 

14.10 


e 

0.400 BSC 


3 


0.200 BSC 


3 


0.100 BSC 


3 

F 


0.040 


1.02 


k 

0.026 

0.036 

0.66 

0.91 


ki 

0.026 

0.036 

0.66 

0.91 

2 

L 

0.375 


9.50 


1 

Li 


0.050 


1.27 

1 

Q 

0.010 

0.046 

0.25 

1.14 



NOTES 

1. (All leads) <|>b applies between L and Lj. ^b-i applies 
between L 1 and 0.375" (9.50mm) from the reference 
plane. Diameter is uncontrolled in L , and beyond 0.375" 
(9.50mm) from the reference plane. 

2. Measured from the maximum diameter of the 
product. 

3. Leads having a maximum diameter 0.019" (0.48mm) 
measued in gauging plane 0.054" (1.37mm) + 0.001" 
(0.03mm) - 0.000" (0.00mm) below the base plane of 
the product is within 0.007" (0.18mm) of their true 
position relative to the maximum width tab. 
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E-20A 

20-Terminal Leadless Ceramic Chip Carrier 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.064 

0.100 

1.63 

2.54 

1 

B, 

0.022 

0.028 

0.56 

0.71 


D 

0.342 

0.358 

8.69 

9.09 

2 

D, 

0.075 REF 

1.91 REF 


e 

0.050 BSC 

1.27 BSC 


j 

0.020 REF 

0.51 


h 

0.040 REF 

1.02 


L 

0.045 | 0.055 

1.14 | 1.40 



NOTES 

1. Dimension A controls the overall package thickness. 

2. Applies to all 4 sides. 

3. All terminals are gold plated. 
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E-28A 

28-Terminal Leadless Ceramic Chip Carrier 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.064 

0.100 

1.63 

2.54 

1 

Bi 

0.022 

0.028 

0.56 

0.71 


D 

0.442 

0.458 

11.23 

11.63 

2 

D, 

0.075 REF 

1.91 REF 


e 

0.050 BSC 

1.27 BSC 


i 

0.020 REF 

0.51 


h 

0.040 REF 

1.02 


L 

0.045 | 0.055 

1.14 | 1.40 



NOTES 

1. Dimension A controls the overall package thickness. 

2. Applies to all 4 sides. 

3. All terminals are gold plated. 
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E-68A 

68-Terminal Leadless Chip Carrier 




INCHES 

MILLIMETERS 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A, 

0.065 

0.103 

1.65 

2.62 

1 

B 

0.020 

0.030 

0.51 

0.76 


D 

0.940 

0.965 

23.88 

24.51 

2 

e 

0.045 

0.055 

1.14 

1.40 


h 

0.040 TYP 

1.02 TYP 


i 

0.020 TYP 

0.51 TYP 


L 2 

0.045 

0.055 

1.14 

1.40 



NOTES 

1. Dimension controls the overall package thickness. 

2. Applies to all 4 sides. 

3. All terminals are gold plated. 
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44-Lead Plastic Leaded Chip Carrier (PLCC) 
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P-68A 

68-Lead Plastic Leaded Chip Carrier 




28-Lead J-Leaded Chip Carrier 




INCHES 

MILLIMETERS 


SYMBOL 

MIN 

MAX 

MIN 

MAX 


A 


0.125 


3.17 

5 

B 

0.013 

0.021 

0.330 

0.53 

4 

B, 

0.017 


0.432 


i 

D 

0.489 

0.491 

12.196 

12.70 

4 

D, 

0.440 

0.460 

11.176 

11.68- 

4 

d 4 

0.428 

0.432 

10.412 

11.42! 

3 

e 

0.050 BSC 

1.27 BSC 


G 

0.280 

0.310 

2.366 

2.87 

4 
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D-28A 

28-Lead Side Brazed Ceramic DIP (Single Width) 



SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 


0.200 


5.08 


b 

0.014 

0.023 

0.36 

0.58 

6 

b. 

0.030 

0.070 

0.76 

1.78 

2, 6 

c 

0.008 

0.015 

0.20 

0.38 

6 

D 


1.480 


37.59 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

Ei 

0.290 

0.320 

7.37 

8.13 


e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 


L, 

0.150 


3.81 



Q 

0.015 

0.060 

0.38 

1.52 

3 

S 


0.098 


2.49 


s, 

0.005 


0.13 


5 


NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b 1 may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus and 
glass overrun. 

5. Applies to all four corners. 

6. All leads -increase maximum limit by 0.003" (0.08 mm) 
measured at the center of the flat, when hot solder dip 
lead finish is applied. 

7. Twenty-six spaces. 
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G-68A 

68-Pin Grid Array 


SEATING 

PLANE 



SYMBOL 

INCHES 

MILLIMETERS 


MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.123 

0.164 

3.12 

4.17 

3 

A, 

0.035 

0.055 

0.89 

1.40 

3 

<|>b 

0.016 

0.021 

0.41 

0.53 


<J>b! 

0.045 

0.060 

1.14 

1.52 

2 

D 

1.080 

1.110 

27.43 

28.19 

6 

e i 

0.988 

1.012 

25.10 

25.70 

5 

e 2 

0.788 

0.812 

20.02 

20.62 

5 

e 

0.095 

0.105 

2.41 

2.67 

4 

l 3 

0.145 

0.190 

3.68 

4.83 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead A1. 

2. The minimum limit for dimension <J>b., may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54 mm) between 
centerlines. 

5. Lead center when a is 0°; e 1 shall be measured at the 
centerline of the leads. 

6. All four sides. 
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G-100A 

100-Pin Grid Array 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 


SYMBOL 

INCHES 

MILLIMETERS 


MIN 

MAX 

MIN 

MAX 

NOTES 

A 


0.169 


4.29 

3 

A, 

0.025 

0.055 

0.64 

1.40 

3 

<J»b 

0.016 

0.020 

0.41 

0.51 


<t>b-, 

0.040 

0.055 

1.02 

1.40 

2 

D 

1.308 

1.332 

33.22 

33.83 

6 

©i 

1.188 

1.212 

30.18 

30.78 

5 

e 2 

0.988 

1.024 

25.10 

26.01 

5 

e 

0.095 

0.105 

2.41 

2.67 

4 

l 3 

0.165 

0.190 

4.19 

4.83 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead A1. 

2. The minimum limit for dimension cjjb, may be 0.023" 
(0.58 mm) for all four corner leads only. 

3. Dimension shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54 mm) between 
centerlines. 

5. Lead center when a is 0°; e, shall be measured at the 
centerline of the leads. 

6. All four sides. 

7. Gold plating a minimum of 50p inches over 100p inches 
ref. Thickness of nickel. 
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223-Pin Ceramic Pin Grid Array 




INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

0.073 

0.089 

1.86 

2.26 

A, 

0.045 

0.055 

1.14 

1.40 

4>b 

0.018 TYP 

0.46 TYP 

-Q 

-©■ 

0.050 TYP 

0.27 TYP 

D 

1.844 

1.876 

46.84 

47.64 

e i 

1.700 TYP 

43.18 TYP 

e 

0.100 TYP 

2.54 TYP 

L 3 

0.174 

0.186 

4.42 

4.72 

h 

0.02G 

TYP 

0.500 

TYP 

h 

1.209 

1.225 

30.71 

31.91 

h 

1.134 

1.150 

28.80 

29.20 


NOTE 

When socketing the CPGA Package, use of a 
low insertion force socket is recommended. 
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223-Pin Plastic Pin Grid Array 


h 



SYMBOL 

INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0.065 

0.089 

1.65 

2.25 

A, 

0.065 

0.077 

1.65 

1.95 

4>b 

0.0164 

0.0196 

0.42 

0.50 

<t>b. 

0.046 

0.054 

1.17 

1.37 

D 

1.856 

1.864 

47.14 

47.34 

e i 

1.688 

1.712 

42.88 

43.48 

e 

0.088 

0.112 

2.24 

2.84 

^3 

0.197 TYP 

5.0 TYP 

h 

0.012 

0.020 

0.3 

0.5 

i 

0.803 

0.811 

20.4 

20.6 


NOTE 

When socketing the PPGA package, use of a 
low insertion force socket is recommended. 
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APPENDIX 13-1 



Ordering Guide 


INTRODUCTION 

This Ordering Guide should make it easy to order Analog Devices products, whether you’re buying one IC op amp, a multi-option 
subsystem, or 1000 each of 15 different items. It will help you: 

1. Find the correct part number for the options you want. 

2. Get a price quotation and place an order with us. 

3. Know our warranty for components and subsystems. 

For answers to further questions, call the nearest sales office (listed at the back of the book) or our main office in Norwood, Mass. 
U.S.A. (617-329-4700). 

MODEL NUMBERING 

In this reference manual many of the data sheets for products having a number of standard options contain an Ordering Guide. Use it 
to specify the correct part number for the exact combination of options you want. Two model numbering schemes are used by Analog 
Devices. The first model numbering scheme is used for designating standard Analog Devices monolithic and hybrid products. The 
second scheme is used by our Precision Monolithics Division (formerly PMI) as designators for its product line. 

Figure 1 shows the form of model number used for our proprietary standard monolithic ICs and many of our hybrids. It consists of 
an “AD” (Analog Devices) prefix, a 3-to-5-digit number/ an alphabetic performance/temperature-range designator and a package 
designator. One or two additional letters may immediately follow the digits (“A” for second-generation redesigned ICs, “DI” for 
dielectrically isolated CMOS switches, e.g., AD536AJH, AD7512DIKD). 

Figure 2 shows a different numbering scheme used by our Precision Monolithics Division. This numbering scheme starts with a 
prefix which designates the device type and model number. It is then followed by a suffix consisting of alphabetic designators (as 
applicable) to indicate additional functional designations or options and packaging options. 


[NANN] 


ANALOG 

DEVICES 

PREFIX 


AD XXXX A Y 


THREE-TO-FIVE 
DIGIT NUMBERS 


1 OR 2 LETTERS PROVIDE 
ADDITIONAL GENERAL INFORMATION 
A: SECOND GENERATION 
DI: DIELECTRICALLY ISOLATED 
Z: OPERATION ON ±12V SUPPLIES 


PERFORMANCE-TEMPERATURE 1 

RANGE DESIGNATOR 1 


(\ 

| INCREASING 

J 

1 PARAMETRIC 

1 k 

* PERFORMANCE 

0°C TO +70°C ( , 


« 

BEST OVERALL 


PERFORMANCE 

(a 

1 INCREASING 

-25°C OR -40°C ) B 

▼ PERFORMANCE 

TO +85°C ] c 

BEST OVERALL 

l 

PERFORMANCE 

f. 

1 INCREASING 

J ? 

▼ PERFORMANCE 

-55 C TO +125 C ( > 


U 

BEST OVERALL 

l 

PERFORMANCE 


PACKAGE OPTIONS: 

D HERMETIC DIP, CERAMIC OR METAL 
E CERAMIC LEADLESS CHIP CARRIER 
F CERAMIC FLATPACK 
G CERAMIC PIN GRID ARRAY 
H HERMETIC METAL CAN 
J J-LEADED CERAMIC 
M HERMETIC METAL CAN DIP 
N PLASTIC OR EPOXY SEALED DIP 
P PLASTIC LEADED CHIP CARRIER 
Q CERDIP 

R SMALL OUTLINE "SO" PACKAGE 
S PLASTIC QUAD FLATPACK 
T TO-92 STYLE PACKAGE 
W NONHERMETIC CERAMIC/GLASS DIP 
Y SINGLE-IN-LINE "SIP” PACKAGE 
Z CERAMIC LEADED CHIP CARRIER 


EXAMPLES: 

AD521KCHIPS 

AD7524AD 

AD536ASH/883B 

AD7512DIKD 

’MONOLITHIC CMOS CHIPS IN THE AD75XX SERIES 
WERE FORMERLY DESIGNATED AD75XX/COM/CHIPS 
AND AD75XX/MIL/CHIPS AND MAY APPEAR ON PRICE 
LISTS WITH THOSE DESIGNATIONS. CONSULT ANALOG 
DEVICES FOR CURRENT PRICING OF AD75XX CHIPS. 


Figure 1. Model-Number Designations for Standard Analog Devices Monolithic and Hybrid IC Products. S, T and U 
Grades have the Added Suffix , /883B for Devices that Qualify to the Latest Revision of MIL-STD-883, Level B. 


*For some models, the combination [digit][letter] [two or three digits] is used instead of ADXXXX, e.g., 2S80. 
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DAC-XX Bl E Q /883 


DEVICE TYPE AND MODEL NUMBER 

DEVICE TYPE: 

ADC 

ANALOG-TO-DIGITAL CONVERTER 

AMP 

INSTRUMENTATION AMPLIFIER 

BUF 

BUFFER (VOLTAGE FOLLOWER) 

CMP 

COMPARATOR 

DAC 

DIGITAL-TO-ANALOG CONVERTER 

JAN 

MIL-M-38510 SLASH SHEET 

LIU 

HIGH SPEED SERIAL DATA RECEIVER 

MAT 

MATCHED TRANSISTOR 

MUX 

MULTIPLEXER 

OP 

PROPRIETARY OPERATIONAL AMPLIFIER 

PKD 

PEAK DETECTOR 

PM 

SECOND-SOURCE, INDUSTRY SPECIFICATIONS 

REF 

VOLTAGE REFERENCE 

RPT 

PCM LINE REPEATER 

SMP 

SAMPLE-AND-HOLD AMPLIFIER 

SW 

ANALOG SWITCH 

SSM 

SOLID STATE MUSIC PRODUCT 

TMP 

TEMPERATURE SENSOR 



MIL-STD-883, CLASS B, REVISION C OPTION 

PMI -55°C TO +125°C DEVICES ARE AVAILABLE 
WITH MIL-STD-883, CLASS B SCREENING AS 
STANDARD PRODUCTS. TO ORDER AN 883 PART, 
SIMPLY ADD THE DESIGNATION /883 TO THE PART 
NUMBER. FOR EXAMPLE, THE DAC-08AQ, SCREENED 
TO THE 883 REQUIREMENTS WOULD BE ORDERED 
AS A DAC-08AQ/883. CONTACT FACTORY FOR 883 
DEVICE SPECIFICATIONS. 



PACKAGE SUFFIX \ 

PACKAGE TYPE: j 

H 

6-LEAD TO-78 CAN 

J 

8-LEAD TO-99 CAN 

K 

10-LEAD TO-IOO CAN 

0 

NOT USED 

P 

EPOXY DIP 

PC 

PLASTIC LEADED CHIP CARRIER 

Q 

16-LEAD CERAMIC DIP 

R 

20-LEAD CERAMIC DIP 

RC 

20-POSITION LCC* 

S 

SMALL OUTLINE PACKAGE 

T 

28-LEAD CERAMIC DIP 

TC 

28-POSITION LCC* 

U 

NOT USED 

V 

24-LEAD CERAMIC DIP 

X 

18-LEAD CERAMIC DIP 

Y 

14-LEAD CERAMIC DIP 

Z 

8-LEAD CERAMIC DIP 

‘AVAILABLE WITH MIL-STD-883 PROCESSING 

ONLY. 


Figure 2. Precision Monolithics Division's Product Designations 

ORDERING FROM ANALOG DEVICES 

When placing an order, please provide specific information regarding model type, number, option designations, quantity, ship-to and 
bill-to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges. All shipments are F.O.B. 
factory. Please specify if air shipment is required. 

Place your orders with our local sales office or representative, or directly with our customer service group located in the Norwood 
facility. Orders and requests for quotations may be telephoned, sent via fax or telex, or mailed. Orders will be acknowledged when 
received; billing and delivery information is included. 

Payments for new accounts, where open-account credit has not yet been established, will be C.O.D. or prepaid. Analog Devices’ min- 
imum order value is two hundred fifty dollars ($250.00). 

When prepaid, orders should include $2.50 additional for packaging and postage (and a 5% sales tax on the price of the goods if you 
are ordering for delivery to a destination in Massachusetts). 

You may also order Analog Devices parts through distributors. For information on distributors, please see pages 13-8 and 13-9 at the 
back of this volume. 

WARRANTY AND REPAIR CHARGE POLICIES 

All Analog Devices, Inc., products are warranted against defects in workmanship and materials under normal use and service for one 
year from the date of their shipment by Analog Devices, Inc., except that components obtained from others are warranted only to the 
extent of the original manufacturers’ warranties, if any, except for component test systems, which have a 180-day warranty, and 
(jiMAC and MACSYM systems, which have a 90-day warranty. This warranty does not extend to any products which have been sub- 
jected to misuse, neglect, accident, or improper installation or application, or which have been repaired or altered by others. Analog 
Devices’ sole liability and the Purchaser’s sole remedy under this warranty is limited to repairing or replacing defective products. 

(The repair or replacement of defective products does not extend the warranty period. This warranty does not apply to components 
which are normally consumed in operation or which have a normal life inherently shorter than one year.) Analog Devices, Inc., shall 
not be liable for consequential damages under any circumstances. 


THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER 
WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
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Technical Publications 


Analog Devices provides a wide array of FREE technical publi- 
cations. These include Data Sheets, Catalogs, Application Notes 
and Guides and four serial publications: Analog Productlog , a 
digest of new-production information; DSPatch ™, a newsletter 
about digital signal-processing (applications); Analog Briefings®, 
current information about products for military/avionics and the 
status of reliability at ADI; and Analog Dialogue, our technical 
magazine, with in-depth discussions of products, technologies 
and applications. 

In addition to the free publications, a group of technical refer- 
ence books are available at reasonable cost. Subsystem products 
are supported with hardware, software, and user documentation, 
at prices related to content. 

Brief descriptions of typical publications appear below. For 
copies of any items, to subscribe to any of our free serials or to 
request any other publications, please get in touch with Analog 
Devices or the nearest sales office. 

CATALOGS 

Data Acquisition Products Databooks. Contain selection 
guides, data sheets and other useful information about all 
Analog Devices ICs, hybrids, modules and subsystem com- 
ponents recommended for new designs. The current series 
consists of: 

DATA CONVERTER REFERENCE MANUAL-1992: 
Volumes 1 and 2. Data sheets and selection guides on A/D and 
D/A Converters, V/F and F/V Converters, Synchro/Resol ver-to- 
Digital Converters, Sample/Track-Hold Amplifiers, Switches 
and Multiplexers, Voltage References, Data-Acquisition Sub- 
systems, Analog I/O Ports, Communications Products, Bus In- 
terface and I/O Products, Application-Specific ICs, Digital Panel 
Meters, Power Supplies. (Available FREE) 

LINEAR PRODUCTS DATABOOK- 1990/ 1991. Data Sheets 
and Selection Guides on Op Amps, Instrumentation Amplifiers, 
Isolators, RMS-to-DC Converters, Multipliers/Dividers, Log/ 
Antilog Amplifiers, Comparators, Temperature-Measuring Com- 
ponents and Transducers, Special Function Components, Digital 
Panel Instruments, Signal-Conditioning Components and Sub- 
systems, Mass Storage Components, ATE Components, Auto- 
motive Components, Bus Interface and Serial I/O Products, 
Application Specific ICs. (Available FREE.) 

AUDIO/VIDEO REFERENCE MANUAL — SSM Audio Prod- 
ucts from ADI’s PMI Division: VCAs, Surround- Sound Decoder, 
Audio Preamplifiers, Audio Switches, Line Driver/Receiver, 
Audio Op Amps, Matched Transistors, Level Detection System, 
Voltage-Controlled Filters, Log Conversion Amplifier, Multi- 
plexed Sample/Hold, plus 19 Application Notes. 

MILITARY PRODUCTS DATABOOK- 1990 (in two vol- 
umes) Information and data on products available with process- 
ing in accordance with MIL-STD-883. 

Volume 2: PMI Division products— including Class S 
Volume 1: All other Analog Devices products 

DATA-ACQUISITION AND CONTROL CATALOG- 1990 . 
Tutorial and Configuration Guide, with Product Reference 
and Index. Bus-Compatible I/O Boards for: IBM PS/2,* IBM 
PC/XT/AT,* STD Bus, VMEbus, MULTIBUS. f Distributed 
I/O Subsystems— fixed-function front ends, programmable 


units, and distributed control systems. Modular Signal Condi- 
tioners— analog and digitizing. Analog Signal-Conditioning 
Panels— isolated and nonisolated. Digital Subsystems— 16- and 
24/32-channel. Software— DOS drivers and applications 
packages. 

POWER SUPPLIES^- Linear Supplies«DC-DC Converters. 
12-page Short-Form Catalog listing AC/DC Power Supplies, 
Modular DC/DC Converters, Power-Supply Test Procedures, 
Transients, Thermal Derating, Mechanical Outlines of Packages 
and Sockets. 

APPLICATION NOTES 

Available individually upon request: 

A/D Converters 

“AD671 12-Bit, 2-MHz ADC Digitizes CCD Outputs for 
Imaging Applications” [E1455] 

“AD7672 Converter Delivers 12-Bit 200-kHz Sampling 
Systems” [EBB] 

“Asynchronous Clock Interfacing with the AD7878” [E1334] 
“Bipolar Operations with the AD7572” [E1010] 

“Evaluation Board for the AD7701/AD7703 Sigma-Delta 
A/D Converters” [E1483] 

“FIFO Operation and Boundary Conditions in the AD 1332 
and AD1334” [E1355] 

“How to Obtain the Best Performance from the AD7572” 
[E1038] 

“Implement Infinite Sample-and-Hold Circuits Using 
Analog Input/Output Ports” [E1359] 

“Simple Circuit Provides Ratiometric Reference Levels for 
AD782X Family of Half-Flash ADCs” [E1412] 

“Simultaneous and Independent Sampling of Analog Signals 
with the AD 1334” [E1358] 

“The AD7574 Analog-to-Microprocessor Interface” [E694] 
“Using Multiple AD 1334s in Many-Channel Synchronous 
Sampling Applications” [E1435] 

Amplifiers 

“A Balanced-Input High-Level Amplifier” [AN- 112] 

“Active Feedback Improves Amplifier Phase Accuracy” 
[AN-107] 

“AD9617/AD9618 Current-Feedback Amplifier Macro- 
Models” [E1460] 

“An IC Amplifier User’s Guide to Decoupling, Grounding, 
and Making Things Go Right for a Change” [AN-202] 

“An Ultralow-Noise Preamplifier” [AN-136] 

“An Unbalanced Virtual-Ground Summing Amplifier” 
[AN-113] 

“Applications of High-Performance BiFET Op Amps” [E727] 
“CMOS DACs and Operational Amplifiers Combine to 
Build Programmable-Gain Amplifiers” (in 2 parts: I and II) 
[E1073A and El 110] 


Analog Briefings is a registered trademark of Analog Devices, Inc. 
DSPatch is a trademark of Analog Devices, Inc. 

Word-Slice is a registered trademark of Analog Devices, Inc. 
*PC/XT/AT, PS/2 and Micro Channel are trademarks of International 
Business Machines Corporation. 
fMULTlBUS is a trademark of Intel Corporation. 

4This publication is available in North America only. 
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“How to Test Basic Operational Amplifier Parameters” 
[AN-201] 

“JFET-Input Amps Are Unrivalled for Speed and Accuracy” 
[AN- 108] 

“Low-Cost Two-Chip Voltage-Controlled Amplifier and Video 
Switch” (AD539) [AN-213] 

“Using the AD9610 Transimpedance Amplifier” [El 097] 
“Very Low-Noise Operational Amplifier” (OP-27) [AN- 102] 

Analog Signal-Processing and Measurement 

“A Function Generator and Linearization Circuit Using the 
AD7569” [El 369] 

“Precision Surface Measurements Using the AD2S58” 

[E1486] 

“RMS-to-DC Converters Ease Measurement Tasks” 

[E1519] 

“Understanding and Applying the AD7341/AD7371 
Switched-Capacitor Filters” [El 373] 

Audio 

“A Balanced Mute Circuit for Audio Mixing Consoles” 
[AN-122] 

“A Constant-Power ‘Pan’ Control Circuit for Microphone 
Audio Mixing” [AN-123] 

“A High-Performance Compandor for Wireless Audio 
Systems” [AN-133] 

“An Automatic Microphone Mixer” [AN- 134] 

“An Ultralow Noise Preamplifier” [AN- 136] 

“A Precision Sum and Difference (Audio Matrix) Circuit” 
[AN-129] 

“A Two-Band Audio Compressor/Limiter” [AN-130] 

“A Two-Channel Dynamic Filter Noise Reduction System” 
[AN-125] 

“High Performance Stereo Routing Switcher” [AN- 121] 
“Interfacing Two 16-Bit AD1856 (AD1851) Audio DACs with 
the Philips SAA7220 Digital Filter” [AN-207] 

“Three High-Accuracy RIAA/IEC MC and MM Phono 
Preamplifiers” [AN- 124] 

D/A Converters 

“AD7528 Dual 8-Bit CMOS DAC” [E757] 

“Analog Panning Circuits Provide Almost Constant Output 
Power” [AN-206] 

“Circuit Applications of the AD7226 Quad CMOS DAC” 
[E873] 

“CMOS DACs and Operational Amplifiers Combine to Build 
Programmable-Gain Amplifiers” (in 2 parts: I and II) 

[E1073A and El 110] 

“Dynamic Performance of CMOS DACs in Modem 
Applications” [El 172] 

“8th Order Programmable Low-Pass Filter Using Dual 12-Bit 
DACs” [AN-209] 

“Exploring the AD667 12-Bit Analog Output Port” [E875] 
“14-Bit DACs Maintain High Performance Over Extended 
Temperature Range” [E987] 

“Gain Error and Tempco of CMOS Multiplying DACs” 
[E630C] 

“Generate 4 Channels of Analog Output Using AD7542 12-Bit 
D/A Converters and Control the Lot with Only Two Wires” 
[E909] 


“Interfacing the AD7549 Dual 12-Bit DAC to the MCS-48 
and MCS-51 Microcomputer Families” [E941] 

“Replacing the ADI 145 with the AD7846” [E1467] 

“Simple Interface Between D/A Converter and Microcomputer 
Leads to Programmable Sine-Wave Oscillator” (AD7542) 
[E889] 

“The AD7224 DAC Provides Programmable Voltages Over 
Varying Ranges” [E910] 

“Three-Phase Sine-Wave Generation Using the AD7226 Quad 
DAC” [E924] 

“Understanding and Preventing Latchup in CMOS DACs” 
[AN-109] 

“Voltage Adjustment Applications of the DAC-8800 
TrimDAC™, an Octal 8-Bit D/A Converter” [AN-142] 

Digital Signal-Processing 

“Considerations for Selecting a DSP Processor” (ADSP-2100A 
vs. TMS320C25) [E1306] 

“Considerations for Selecting a DSP Processor” (ADSP-2101 
vs. WE DSP 16 A) [E1446] 

“Considerations for Selecting a DSP Processor” (ADSP-2101 
vs. TMS320C50) [E1558] 

“Implement a Cache Memory in Your Word-Slice® System” 
[El 062] 

“Sharing the Output Bus of the ADSP-1401 Microprogram 
Sequencer” [E1059] 

“Using Digitally Programmable Delay Generators” [E 15 18a] 
“Variable-Width Bit Reversing with the ADSP-1410 Address 
Generator” [E1061] 

Disk-Drive Electronics 

“Microstepping Drive Circuits for Single Supply Systems” 
[E1229A] 

“Simple DAC-Based Circuit Implements Constant Linear 
Velocity (CLV) Motor Speed Control” [E1236] 

Modelling 

“AD9617/AD9618 Current-Feedback Amplifier Macro- 
Models” [E1460] 

“OP-42 Advanced SPICE Macro-Model” [AN-117] 

“OP-64 Advanced SPICE Macro-Model” [AN-110] 

“OP-260 Advanced SPICE Macro-Model” [AN-126] 

“OP-400 SPICE Macro-Model” [AN-120] 

“OP-470 SPICE Macro-Model” [AN-132] 

“SPICE-Compatible Op Amp Macro-Models” [AN- 138] 

Power Supply 

“A Low-Voltage Power Supply Watchdog Monitor Circuit” 
[AN-139] 

Practice 

“An IC Amplifier User’s Guide to Decoupling, Grounding, 
and Making Things Go Right for a Change” [AN-202] 

“How to Reliably Protect CMOS Circuits Against Power- 
Supply Overranging” [C1499] 

Repeater Circuits 

“Improved T148 (CEPT) PCM Repeater for #22AWG 
(0.7mm) Unshielded Twisted-Pair Wire” [AN-119] 

Resolver (Synchro) to Digital Conversion 
“Circuit Applications of the 2S81 and 2S80 Resolver-to- 
Digital Converters” [El 140] 
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“Dynamic Characteristics of Tracking Converters” [El 141] 
“Dynamic Resolution- Switching on the 1S74 Resolver-to- 
Digital Converter” [E919] 

“Using the 2S80 Series Resolver-to-Digital Converters with 
Synchros: Solid-State Scott-T Circuit” [E1361] 

“Why the Velocity Output of the 1S74 and 1S64 Series R/D 
Converters is Continuous and Step-Free Down to Zero 
Speed” [E893] 

Sample-Holds 

“Applying IC Sample-Hold Amplifiers” [E931] 

“Generate 4 Channels bf Analog Output Using AD7542 12-Bit 
D/A Converters and Control It All with Only Two Wires” 
[E909] 

“Implement Infinite Sample-and-Hold Circuits Using Analog 
Input/Output Ports” [El 359] 

Switches and Multiplexers 
“ADG201A/202A and ADG22 1/222 Performance with 
Reduced Power Supplies” [E1052] 

“Bandwidth, OFF Isolation, and Crosstalk Performance of the 
ADG5XXAA Multiplexer Series” [E1340] 

“Overvoltage Protection for the ADG5XXA Multiplexer 
Series” [E1237] 

“R on Modulation in CMOS Switches and Multiplexers; What 
it Is and How to Predict its Effect on Signal Distortion” 
[E1470] 

Temperature Measurement 

“A Cost-Effective Approach to Thermocouple Interfacing in 
Industrial Systems” [E730] 

“Use of the AD590 Temperature Sensor in a Remote Sensing 
Application” [E920] 

V/F Converters 

“Analog-to-Digital Conversion Using Voltage-to-Frequency 
Converters” [E994A] 

“Operation and Applications of the AD654 IC V-to-F 
Converter” [E923] 

“Using the AD650 Voltage-to-Frequency Converter as a 
Frequency-to-Voltage Converter” [El 5 39] 

Video Applications 

“Animation Using the Pixel Read Mask Register of the 
ADV47X Series of Video RAM-DACs” [E1316] 

“Changing Your VGA Design from a 171/176 to an 
ADV471” [El 260] 

“Design and Layout of a Video Graphics System for 
Reduced EMI” [E1309] 

“Improved PCB Layouts for Video RAM-DACs Can Use 
Either PLCC or DIP Package Types” [E1225] 

“Low Cost Two-Chip Voltage-Controlled Amplifier and 
Video Switch.” (AD539) [AN-213] 

“The AD9502 Video Signal Digitizer and Its Applications” 

[El 173] 

“Video Formats & Required Load Terminations.” [AN-205] 

APPLICATION GUIDES 

Analog CMOS Switches and Multiplexers. A 16-page short-form 
guide to high-speed CMOS switches, CMOS switches with di- 
electric isolation and CMOS multiplexers. Also included are reli- 
ability data and information on single-supply operation. 


Applications Guide for Isolation Amplifiers and Signal Conditioners. 
A 20-page guide to specifications and applications of galvanically 
isolated amplifiers and signal conditioners for industrial, instru- 
mentation and medical applications. 

CMOS DAC Application Guide 3rd Edition by Phil Burton 
(1989—64 pages). Introduction to CMOS DACs, Inside CMOS 
DACs, Basic Application Circuits in Current-Steering Mode, 
Single-Supply Operation Using Voltage-Switching Mode, The 
Logic Interface, Applications. 

ESD Prevention Manual - Protecting ICs from electrostatic dis- 
charges. Thirty pages of information that will assist the reader 
in implementing an appropriate and effective program to assure 
protection against electrostatic discharge (ESD) failures. 

High-Speed Data Conversion - A 24-page short-form guide to 
video and other high-speed A/D and D/A converters and 
accessories, in forms ranging from monolithic ICs to card-level 
products. 

RMS-to-DC Conversion Application Guide 2nd Edition by 
C. Kitchin and L. Counts (1986—61 pages). RMS-DC Conver- 
sion: Theory, Basic Design Considerations; RMS Application 
Circuits; Testing Critical Parameters; Input Buffer Amplifier 
Requirements; Programs for Computing Errors, Ripple and 
Settling Time. 

Surface Mount IC%— A 28-page guide to ICs in SO and PLCC 
packages. Products include op amps, rms-to-dc converters, 
DACs, ADCs, VFCs, sample-holds and CMOS switches. 

DIGITAL SIGNAL PROCESSING MANUALS 

Available at no charge for single copies; write on letterhead. 

ADS P-2 101 /ADS P-2 102 USER’S MAN UAL -Architecture. 
[Fixed-point processor] Introduction; Computational Units; 

Data Moves, Program Control; Timer; Serial Ports; System In- 
terface; Memory Interface; Instruction Set Overview; Appen- 
dixes; Index. 190 pages. 

ADS P-21 11 USER’S MAN UAL -Architecture. [Fixed-point 
processor] Introduction; Computational Units; Data Moves; Pro- 
gram Control; Timer; Host Interface Port; Serial Ports; System 
Interface; Memory Interface; Instruction Set Overview; Appen- 
dixes; Index. 218 pages. 

ADSP-21020 USER’S MANUAL. [Floating-point processor] 
Introduction; Computational Units; Program Sequencing; Data 
Addressing; Timer; Memory Interface; Instruction Summary; 
Assembly Programmer’s Tutorial; Hardware System Configura- 
tion; Appendixes; Index. 394 pages. 

TECHNICAL REFERENCE BOOKS 

Can be purchased from Analog Devices, Inc., at the prices 
shown. If more than one book is ordered, deduct a discount of 
$1.00 from the price of each book. Price of the entire set of 9 
books is $166.00— a bargain for your department’s library (in 
effect, the nonlinear, transducer, and high-speed books come 
free). VISA and MasterCard are welcome; phone (617) 461-3392 
or FAX (617)821-4273. Or send your check for the indicated 
amount to Analog Devices, Inc., P.O. Box 9106, Norwood, MA 
02062-9106. 

JThis publication is available in North America only. 
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ANALOG-DIGITAL CONVERSION HANDBOOK: Third 
Edition, by the Engineering Staff of Analog Devices, edited by 
Daniel H. Sheingold. Englewood Cliffs, NJ: Prentice Hall 
(1986). A comprehensive guide to A/D and D/A converters and 
their applications. This third edition of our classic is in hard- 
cover and has more than 700 pages, an Index, a Bibliography, 
and much new material, including: video-speed, synchro- 
resolver, V/F, high-resolution, and logarithmic converters, ICs 
for DSP, and a “Guide for the Troubled.” Seven of its 22 chap- 
ters are totally new. $32.95 

DIGITAL SIGNAL-PROCESSING APPLICATIONS US- 
ING THE ADS P-2 100 FAMILY, by the Applications Staff of 
Analog Devices, DSP Division; edited by Amy Mar (628 pages). 
Englewood Cliffs NJ: Prentice Hall (1990). Bridge the gap be- 
tween DSP algorithms and their real-world implementation on 
state-of-the-art signal processors. Each chapter tackles a specific 
application topic, briefly describing the algorithm and discussing 
its implementation on the ADSP-2100 family of DSP chips. 
Comprehensive source-code listings are complete with comments 
and accompanied by explanatory text. Programs are listed on a 
pair of supplementary diskettes— furnished with the book. Ap- 
plication areas include fixed- and floating-point arithmetic, func- 
tion approximation, digital filters, one- and two-dimensional 
FFTs, image processing, graphics, LP speech coding, PCM, 
ADPCM, high-speed modem algorithms, DTMF coding, sonar 
beamforming. Additional topics include memory interface, mul- 
tiprocessing, and host interface. The book can serve as a com- 
panion to Digital Signal Processing in VLSI. Price includes 
diskettes. $38.00 

DIGITAL SIGNAL PROCESSING IN VLSI , by Richard J. 
Higgins. Englewood Cliffs NJ: Prentice Hall (1990). An intro- 
ductory 614-page guide for the engineer and scientist who needs 
to understand and use DSP algorithms and special-purpose DSP 
hardware ICs— and the software tools developed to carry them 
out efficiently. Real-World Signal Processing; Sampled Signals 
and Systems; The DFT and the FFT Algorithm; Digital Filters; 
The Bridge to VLSI; Real DSP Hardware; Software Develop- 
ment for the DSP System; DSP Applications; plus Bibliography 
and Index. $38.00 

NEW — DIGITAL SIGNAL PROCESSING LABORATORY 
Using the ADSP-2101 Microcomputer, by Vinay K. Ingle and 
John G. Proakis (Northeastern University). Englewood Cliffs 
NJ: Prentice Hall (1991). Contents: Introduction to the ADSP- 
2100/2101 family; ADSP-2101 instruction set overview; Over- 
view of development tools; Getting started with the ADSP-2101; 
Laboratory experiments using the ADSP-2101; FIR filter imple- 
mentation; HR filter implementation; Fast Fourier transform 
implementation; Applications in communications; Adaptive fil- 
ters and their applications; References; Index. $24.00 


HIGH-SPEED DESIGN SEMINAR , published by Analog 
Devices (1990). A 496-page guide to the practical application of 
high-speed semiconductor devices in processing of analog sig- 
nals. Topics include: data conversion, digital video applications, 
high-speed sample-holds and operational amplifiers, nonlinear 
signal processors (including log amps), comparators and pin 
electronics, time-delay generators, phase-locked loops, direct 
digital synthesis, computer graphics and RAMDACs, and high- 
speed techniques. $20.00 

NEW -MIXED-SIGNAL DESIGN SEMINAR, published by 
Analog Devices (1991). Contents: Introduction to mixed-signal 
processing of real-world signals and signal conditioning; Linear 
and nonlinear analog signal processing; Fundamentals of 
sampled-data systems; ADCs for DSP applications; DACs for 
DSP applications; Sigma-delta ADCs and DACs; Digital signal- 
processing techniques; DSP hardware; Interfacing ADCs and 
DACs to digital signal processors; Mixed-signal processing appli- 
cations; Mixed-signal circuit techniques; Index. $22.00 

NONLINEAR CIRCUITS HANDBOOK: Designing with 
Analog Function Modules and ICs , by the Engineering Staff of 
Analog Devices, edited by Daniel H. Sheingold. Norwood MA: 
Analog Devices, Inc. (1974). A 540-page guide to multiplying 
and dividing, squaring and rooting, rms-to-dc conversion, and 
multifunction devices. Principles, circuitry, performance, speci- 
fications, testing, and application of these devices-contains 325 
illustrations. $5.95 

SYNCHRO & RESOLVER CONVERSION, edited by Geoff 
Boyes. Norwood, MA; Analog Devices, Inc. (1980). Principles 
and practice of interfacing synchros, resolvers, and Inductosyns* 
to digital and analog circuitry. $11.50 

TRANSDUCER INTERFACING HANDBOOK: A Guide to 
Analog Signal Conditioning, edited by Daniel H. Sheingold. Nor- 
wood MA: Analog Devices, Inc. (1980). A book for the elec- 
tronic engineer who must interface transducers for temperature, 
pressure, force, level, or flow to electronics, these 260 pages tell 
how transducers work— as circuit elements— and how to connect 
them to electronic circuits for effective processing of their 
signals. $14.50 



Mnductosyn is a registered trademark of Farrand Industries, Inc. 
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Worldwide Sales Directory 


North American Sales Offices and Representatives 

Alabama Georgia Michigan 


(205) 536-1506 

Alaska 

*(206) 575-6344 
*(714) 641-9391 

Arizona 

(602) 949-0048 

Arkansas 
*(214) 231-5094 
California 
*(714) 641-9391 
*(408) 559-2037 
Colorado 
(303) 443-5337 
*(303) 666-8874 
Connecticut 
(516) 673-1900 
(203) 431-4151 
*(617) 329-4700 
Delaware 
*(215) 643-7790 
Florida 

(407) 855-0843 
(407) 724-6795 
(813) 963-1076 
(904) 994-0599 
*(407) 660-8444 


(404) 497-9404 
*(404) 263-7995 

Hawaii 

*(714) 641-9391 

Idaho 

(303) 443-5337 
*(206) 575-6344 

Illinois 

(708) 520-0710 
Indiana 
(317) 244-7867 

Iowa 

(319) 373-0200 

Kansas 

(913) 829-2800 
Kentucky 
(615) 459-0743 
*(617) 329-4700 
Louisiana 
*(214) 231-5094 
Maine 

*(617) 329-4700 
Maryland 
*(301) 992-1994 
Massachusetts 
*(617) 329-4700 


(313) 489-1500 
*(313) 348-5795 
Minnesota 

(612) 835-2414 
Mississippi 
(205) 536-1506 
Missouri 

(314) 521-2044 
(913) 829-2800 

Montana 
(801) 466-9336 
*(714) 641-9391 
Nebraska 
(913) 829-2800 
Nevada 
(505) 828-1300 
*(408) 559-2037 
*(714) 641-9391 
New Hampshire 
*(617) 329-4700 
New Jersey 
(201) 761-1846 
(201) 972-7788 
(516) 673-1900 
*(215) 643-7790 
New Mexico 
(505) 828-1300 


New York 

(516) 673-1900 
(716) 381-9100 
North Carolina 
(919) 373-0380 
(704) 846-1702 
North Dakota 
(612) 835-2414 
Ohio 

(216) 247-0060 
*(614) 764-8795 

Oklahoma 

*(214) 231-5094 

Oregon 

*(206) 575-6344 
Pennsylvania 
(412) 745-8441 
*(215) 643-7790 
Rhode Island 
*(617) 329-4700 
South Carolina 
(919) 373-0380 
South Dakota 
(612) 835-2414 

Tennessee 

(205) 536-1506 
(615) 459-0743 


Texas 

*(214) 231-5094 

Utah 

(801) 466-9336 
Vermont 
*(617) 329-4700 

Virginia 

*(301) 992-1994 

Washington 
*(206) 575-6344 
West Virginia 
(412) 745-8441 
*(614) 764-8795 
Wisconsin 
(414) 784-7736 
Wyoming 
(801)466-9336 
Puerto Rico 
*(617) 329-4700 
Canada 
(416) 821-7800 
(613) 564-0014 
(514) 697-0801 
(604) 465-6892 
Mexico 

*(617) 329-4700 


North American Distributors 


Alliance Electronics (505) 292-3360, Allied Electronics (817) 595-3500, Anthem Electronics (408) 453-1200, Bell Industries (213) 826- 
6778, Future Electronics (Canada) (514) 694-7710, Future Electronics (U.S.A.) (508) 779-3013, Hall-Mark Electronics (214) 343-5000, 
Newark Electronics (312) 784-5100, Pioneer Standard Electronics (216) 587-3600 and Pioneer Technologies Group (301) 921-0660. 


International Direct Sales Offices 

India (812) 567201;* Japan, Tokyo (3) 32636826,* Osaka (6) 3721814;* Korea, (2) 5543301* 


International Distributors 


Australia 

N. S. D. Australia 
Melbourne 
(3) 8900970 
Sidney 
(2) 646-5255 
Brisbane 

(7) 845-1911 
Adelaide 

(8) 211-8499 

Brazil 

Hicad Sistemas Ltda. 
(11) 531-9355 

*Analog Devices, Inc., 


Hong Kong 

General Engineers 
Hong Kong 
8339013 

Tektron Electronics 
(HK) Ltd. 

388-0629 

India 

Pune 

(212) 342150 
New Delhi 
(11) 6862460 
Bangalore 
(812) 560506 
Direct Sales Offices 


Malaysia 

Excelpointe Systems 
PTE 

(65) 2848537 
(Singapore) 

Mexico 

Canadien 
(83) 652020 

New Zealand 

N. S. D. Australia 
(61 3) 8900970 


People's Republic of 
China - Beijing 

Excelpoint Company 
Limited 

(I) 8498888 Ext 20635 

Singapore 

Excelpointe Systems 
PTE 

2848537 
South Africa 

Analog Data Products 
CC 

(II) 444-8160 


Taiwan 

Andev Technology 
Co., Ltd. 

(2)763-0910 
MSI International 
Corp. 

(2) 719-8419 
Jeritron Ltd. 

(2) 88 20710 
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European Direct Sales Offices 


Austria 

Tel (222) 88 55 04-0 
Fax (1)88 55 04 85 

Belgium 

Tel (3) 237 16 72 

Fax (3) 237 84 12 

Denmark 

Tel (42) 84 58 00 

Fax (42) 84 03 22 

France 

Antony Cedex 
Tel (1) 46 66 25 25 
Fax (1)46 66 24 12 
Meylan 

Tel (76) 41 91 43 
Fax (76) 41 29 90 


Germany 

Munich 

Tel (89) 57 005-0 
Fax (89) 57 005 157 
Berlin 

Tel (30) 391 90 35 

Fax (30) 392 80 1 1 

Hamburg 

Tel (4181) 8051 

Fax (4181) 8058 

Cologne 

Tel (221)68 60 06 
Fax (221) 680 51 01 
Stuttgart 
Tel (711) 88 11 31 
Fax (711)88 16 73 


European Distributors 


Austria 

A.D.E.C. 

Tel (222) 88 92 876-0 
Fax (222) 88 92 876 85 

Belgium 

Betea 

Tel (02) 725 1080 
Fax (02) 725 1080 
Texim 

Tel (02) 460 52 82 
Fax (02) 460 75 85 
Bulgaria 
D.l. Stoits, Sofia 
Tel/Fax (92) 890 412 
Czechoslovakia 
STG ELCON 
Tel (89) 321 49 
Tesla Piestany 
Tel (838) 219 31 
Fax (838) 237 14 
Denmark 
MER-EL A/S 
Tel (42) 57 10 00 
Fax (42) 57 22 99 

Finland 

Oxxo Oy 

Tel (0) 34 55 377 

Fax (0) 34 55 471 


France 

SCAIB 

Tel (1)46 87 23 13 
Fax (1)45 60 55 49 
RTF Diffusion 
Tel (1)49 65 26 26 
Fax (1)49 65 26 49 
DIMACEL 
Tel (1)40 87 70 00 
Fax (1) 47 37 53 87 
Verospeed 
Tel (44) 84 72 72 
Fax (44) 05 13 49 
Germany 

SPOERLE Elektronik 

Tel (6103) 304-0 

Fax (6103) 304- 201 

SASCO GmbH 

Tel (89) 46 11-0 

Fax (89) 46 11 270 

Semitron 

Tel (7742) 70 11 

Fax (7742) 69 01 

Greece 

Micrelec 

Tel (1) 544 27 79 
Fax (1) 544 58 62 


EUROPEAN HEADQUARTERS 

EdelsbergstraBe 8-10, 8000 Munchen 21, Germany 
Tel: (89) 57 005-0, Fax: (89) 57 005-257 


Israel 

Tel (52) 911 415 
Fax (52) 914 261 

Italy 

Milan 

Tel (2) 665 00 120 
Fax (2) 614 12 32 
Turin 

Tel (11) 287 789 
Fax (11) 248 12 35 
Rome 

Tel (6) 86 200 306 
Fax (6) 86 200 247 
Netherlands 
Tel (1620) 815 00 
Fax (1620) 268 19 


Hungary 

SMD Technology 
Tel/Fax (1) 189 5815 
Italy 
DeMico 

Tel (2) 95343600 
Fax (2) 9522227 
Special-lnd 
Tel (2) 55210574 
Fax (2) 55210612 
Tecknica DUE 
Tel (438) 555447 
Fax (438) 940418 
Hellis S.A.S. 

Tel (536) 804104 
Fax (536) 802343 
LA Tecknica DUE 
Tel (11) 2425905 
Fax (11) 2425940 
Pantronic S.R.L. 

Tel (6) 6276209 
Fax (6) 6272242 
Netherlands 
Malchus 

Tel (010) 427 77 77 
Fax (010) 415 44 66 
Texim 

Tel (05427) 333 33 
Fax (05427) 33 888 


Sweden 

Tel (8) 282 740 
Fax (8) 292 842 

Switzerland 

Zurich 

Tel (1) 820 01 02 
Fax (1)820 26 01 
Morges 

Tel (21) 803 25 50 
Fax (21)803 25 52 
Baar 

Tel (42) 330 710 
Fax (42) 330 720 
United Kingdom 
Head Office Walton 
Tel (0932) 247 401 
Fax (0932) 253 320 


Norway 

BIT ELEKTRONIKK 

Tel (3) 847 099 

Fax (3) 845 510 

Poland & Romania 

D.l. Stoits, Vienna 

Tel (43) 22 46 41 95 

Fax (43) 22 46 41 97 

Portugal 

ATD Electronica 

Tel (1) 847 2200 

Fax (1) 847 2197 

Comelta 

Tel (1)942 4106 

Spain 

Comelta 

Tel (1) 7543001 

Fax (1) 7542151 

Selco 

Tel (1)326 4213 
Fax (1) 259 2284 

Sweden 

Integrerad Elektronik 
AB 

Tel (8) 80 46 85 
Fax (8) 26 22 86 
Switzerland 
Eljapex AG 
Tel (56) 27 57 77 
Fax (56) 26 14 86 


Birmingham 
Tel (021) 501 1166 
Fax (021) 585 5503 
Scotland 
Tel (0506) 303 06 
Fax (0506) 372 25 
Southern Area, Walton 
Tel (0932) 246 200 
Fax (0932) 224 660 
Sales, Walton 
Tel (0932) 253 320 
Fax (0932) 253 129 
Eastern Sales, Harlow 
Tel (0279) 418 611 
Fax (0279) 430 737 
Newbury 
Tel (0635) 353 35 
Fax (0635) 373 71 


Turkey 

Elektro - Istanbul 
Tel (1) 337 22 45 
Fax (1) 336 88 14 
United Kingdom 
Polar Electronics 
Limited 
(0525) 373 839 
Access Electronic 
Components 
(0462) 480888 
Phoenix Electronics 
Limited 
(0555) 515 66 
Arrow Electronics 
(UK) Limited 
(0234) 270 777 
Jermyn Distribution 
(0732) 450 144 
USSR 

Argus Trading 
Tel (95) 945 2777 
Yugoslavia 
ALMA Electronic 
Tel (41) 428 678 
Fax (41)428 735 
Electra - Trieste 
Tel (40) 826 545 
Fax (40) 820 739 


WORLDWIDE HEADQUARTERS 

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A. 

Tel: (617) 329-4700, (1-800) 262-5643 (U.S.A. only); Twx: (710) 394-6577; Fax: (617) 326-8703; Telex: 924491 
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Contents 
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Index - Section 14 14-1 

Application Notes by Topic 14-2 

Application Notes by Part Number 14-3 

Alphanumeric Part Number 14-4 


INDEX 14-1 



Application Notes by Topic 


Audio DAC Interfacing: 

Audio Level Control: 

Audio Operational Amplifier (Discrete): 
Audio Panning: 

Audio Power Amplifier: 

Audio Sum and Difference Extraction: 
Automatic Gain Control (Audio): 
Automatic Microphone Mixing: 
Companding: 

Compressor/Limiter: 

DC Voltage Adjustment: 

Digital Audio: 

Differential Line Receiver: 

Display Geometry Correction: 

Filtering: 

General: 

Level Detection (Audio): 

Noise, Minimization: 

Noise Gate: 

Noise Reduction: 

Preamplifiers, Audio: 

Preamplifiers, Microphone: 
Preamplifiers, Phonograph: 

Summing Amplifiers: 

Switching, Audio: 

Switching, Video: 

Test and Measurement Techniques: 
Video Levels and Gain Control: 

Video Load Terminations: 


AN-207 

AN-105, AN-116, AN-123, AN-125, AN-128, AN-130, AN-131, AN-134, AN-135, 

AN-142, AN-206, AN-208, AN-219 

AN-102 

AN-123, AN-206 

AN-211 

AN-129 

AN-116, AN-130, AN-142, AN-219 

AN-134 

AN-133 

AN-116, AN-130, AN-135 
AN-142, AN-219 
AN-217, AN-218, AN-207 
AN-112, AN-121 
AN-219 

AN-124, AN-125, AN-207, AN-209, AN-217, AN-218 

AN-15, AN-201, AN-202, AN-205, AN-208, AN-209, AN-214, AN-215 

AN-116, AN-125, AN-128, AN-130, AN-134 

AN-15, AN-202, AN-214 

AN-128 

AN-125, AN-133 

AN-105, AN-112, AN-114, AN-115, AN-124 
AN-105, AN-114, AN-115, AN-134 
AN-124 

AN-111, AN-113, AN-127 
AN-121, AN-122, AN-127, AN-134 
AN-212, AN-213, AN-216 
AN-15, AN-201, AN-212, AN-215 
AN-205, AN-212, AN-213, AN-216 
AN-205 
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Application Notes by Part Number 


ADSP Family AN-217, AN-218 

AD539 AN-213 

AD711 AN-202 

AD712 AN-202, AN-212 

AD713 AN-202 

AD811 AN-216 

AD834 AN-212, AN-216 

AD840 AN-202 

AD841 AN-202 

AD842 AN-202 

AD843 AN-202 

AD844 AN-202 

AD845 AN-202 

AD846 AN-202 

AD847 AN-202 

AD848 AN-202 

AD849 AN-202 

AD1851 AN-207 

AD1856 AN-207 

AP5539 AN-212, AN-213 

AD7111 AN-208 

AD7118 AN-208 

DAC-8800 AN-142, AN-219 

DAC-8840 AN-219 

DAC-8841 AN-219 

MAT-04 AN-105, AN-135 

OP-27 AN-102, AN-105, AN-136, AN-202 

OP-37 AN-202 

SSM-2013 AN-116 

SSM-2014 AN-135, AN-142 

SSM-2015 AN-111, AN-112, AN-114, AN-115, AN-121, AN-124, AN-129, AN-134 

SSM-2016 AN-114, AN-134 

SSM-2018 AN-135, AN-142 

SSM-2110 AN-116, AN-135 

SSM-2120 AN-125, AN-128, AN-130, AN-133, AN-134 

SSM-2122 AN-122, AN-131 

SSM-2131 AN-142, AN-211 

SSM-2134 AN-113, AN-116, AN-121, AN-122, AN-123, AN-124, AN-125, AN-127, AN-128, AN-129, AN-130, AN-131, 

AN-133, AN-134, AN-135 
SSM-2210 AN-102, AN-105, AN-135 

SSM-2220 AN-136 


SSM-2402 AN-121, AN-122, AN-127 



INDEX 14-3 




Product Index 


Alphanumeric by Model Number 


Model Page 

•AD28msp01 10-7 

•AD28msp02 10-7 

AD363 10-3, 10-8 

AD364 10-3, 10-8 

AD368 10-3 

AD369 10-3 

AD390 10-13 

AD392 10-13 

AD394 10-14 

AD395 10-14 

AD396 10-14 

AD515A 10-22 

ADS 17 10-18 

AD539 8-3 

AD542 10-20 

AD544 10-20 

AD545A 10-22 

AD546 10-22 

AD547 10-19, 10-22 

AD548 10-19, 10-20, 10-21, 10-22 

AD549 10-22 

AD557 . 10-11 

AD558 10-11 

AD561 10-9 

AD562 10-10 

AD563 10-10 

AD565A 10-9 

AD566A 10-10 

AD568 10-9 

AD569 10-11 

AD570 10-4 

AD571 10^1 

AD572 10^4 

AD573 10-4 

AD574A 10-4 

AD575 . 10-4 

AD578 10-4 

AD579 10^4 

AD600 7-5 

AD602 7-5 

AD633 8-11 

AD642 10-23 

AD644 10-23 

AD645 10-16, 10-22 

AD647 10-19, 10-23 

AD648 10-19, 10-21, 10-23 

AD664 10-14 

AD667 10-11 

AD668 10-9 

•AD669 10-12 

AD670 10-4 

AD671 10-4 

AD673 10-4 

AD674A 10^1 


Model Page 

•AD674B 10-4 

•AD675 10-3 

•AD676 10-3 

AD678 10-2 

AD679 10-3 

AD704 10-18, 10-20, 10-21, 10-22 

AD705 10-18, 10-20, 10-21 

AD706 10-18, 10-20, 10-21, 10-23 

AD707 10-18, 10-20 

AD708 10-18, 10-23 

AD711 2-5 

AD712 2-17 

AD713 2-29 

AD720 8-19 

AD734 8-21 

AD741 10-20 

AD743 10-16 

AD744 10-17 

AD745 10-16, 10-17 

AD746 . 10-17, 10-23 

•AD766 10-11 

AD767 10-11 

AD770 10-6 

•AD773 4-3 

•AD774B . . . 10-4 

•AD776 10-7 

AD779 10-3 

AD811 2-41 

AD827 2-45 

AD829 2-53 

AD834 8-33 

AD840 2-65 

AD841 2-73 

AD842 2-81 

AD843 2-89 

AD844 2-101 

AD845 2-113 

AD846 2-121 

AD847 2-133 

AD848 2-145 

AD849 2-145 

ADI 139 10-12 

ADI 147 10-12 

ADI 148 10-12 

ADI 170 10-5 

AD1332 10-2 

AD1334 10-3, 10-8 

•AD1341 10-2, 10-8 

AD1376 10-5 

AD 1377 10-5 

•AD 1378 10-5 

AD1380 10-3 

•AD 1382 10-3 

•AD1385 10-3 


•New product since publication of the most recent Databooks. 
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Model 


Model 


Page 


•AD 1671 

•AD 1674 

•AD 1851 

AD1856 

AD 1860 

•AD 1861 

•AD 1862 

•AD 1864 

•AD 1865 

•AD 1866 

•AD 1868 

•AD 1876 

•AD 1878 

•AD 1879 

AD1885 

AD5200 Series 
AD5210 Series 

AD5240 

AD5539 . . . 
AD7111 . . . 
AD7118 . . . 
AD7224 . . . 
AD7225 . . . 
AD7226 . . . 
AD7228 . . . 
•AD7228A . . 
•AD7233 . . . 
AD7237 . . . 
•AD7242 . . . 
•AD7243 . . . 
•AD7244 . . . 
AD7245 . . . 
•AD7245A . . 
AD7247 . . . 
AD7248 . . . 
•AD7248A . . 
AD7524 . . . 
AD7528 . . . 
AD7533 . . . 
AD7534 . . . 
AD7535 . . . 
AD7536 . . . 
AD7537 . . . 
AD7538 . . . 
AD7541A . . 
AD7542 . . . 
AD7543 . . . 
AD7545 . . . 
AD7545A . . 
AD7547 . . . 
AD7548 . . . 
AD7549 . . . 
•AD7564 . . . 
•AD7568 . . . 
AD7569 . . . 


Page 

10-2, 10-6 

10-2 

5-3 

5-13 

5-21 

5-3 

.... 5-33 

5-43 

5-55 

5-65 

5-67 

3-3 

3-15 

3-17 

.... 3-19 

10-4 

.... 10-4 
.... 10-4 
. . . 2-153 

7-9 

7-15 

. . . 10-11 
. . . 10-13 
. . . 10-13 
. . . 10-13 
. . . 10-13 
. . . 10-11 
. . . 10-14 
. . . 10-13 
. . . 10-11 
. . . 10-14 
. . . 10-11 
. . . 10-11 
. . . 10-14 
. . . 10-11 
. . . 10-11 

10-9 

. . . 10-15 
.... 10-9 
. . . 10-10 
. . . 10-10 
. . . 10-10 
. . . 10-15 
. . . 10-10 
. . . 10-10 
. . . 10-10 
. . . 10-10 
. . . 10-10 
. . . 10-10 
. . . 10-15 
. . . 10-10 
. . . 10-15 
. . . 10-15 
. . . 10-15 
10-2, 10-11 


AD7572 10-4 

•AD7572A 10-4 

AD7574 10-4 

AD7575 10-2 

AD7576 10-4 

AD7578 10-4 

AD7579 10-2 

AD7580 10-2 

AD7581 10-4, 10-8 

AD7582 10-4, 10-8 

•AD7586 10-4 

AD7628 10-15 

AD7669 10-2, 10-13 

AD7672 10-4 

•AD7701 10-7 

•AD7703 10-7 

•AD7710 10-7 

•AD7711 10-7 

•AD7712 10-7 

•AD7713 10-7 

•AD7716 10-7 

AD7769 10-2, 10-8, 10-13 

•AD7776 10-2 

•AD7777 10-2 

•AD7778 10-2 

AD7820 10-2 

AD7821 10-2 

AD7824 10-2, 10-8 

AD7828 10-2, 10-8 

•AD7837 10-13 

AD7840 10-11 

AD7845 10-11 

AD7846 10-11 

•AD7847 10-13 

AD7848 10-11 

AD7850 10-14 

•AD7868 10-3 

•AD7869 10-3 

AD7870 10-2 

AD7871 10-3 

AD7872 10-3 

•AD7874 10-2, 10-8 

•AD7875 10-2 

•AD7876 10-2 

AD7878 10-2 

•AD7880 10-3 

•AD7884 10-3 

•AD7885 10-3 

•AD7886 10-2, 10-6 

•AD7890 10-2, 10-8 

•AD7891 10-2, 10-8 

•AD7892 10-2 

•AD7893 10-2 

AD9000 10-6 

AD9002 10-6 


•New product since publication of the most recent Databooks. 
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Model Page 

AD9003 10-2, 10-6 

•AD9005A 10-6 

AD9006 10-6 

AD9012 10-6 

•AD9014 10-6 

AD9016 10-6 

•AD9020 4-19 

AD9028 .10-6 

•AD9032 10-6 

•AD9034 10-6 

AD9038 . . 10-6 

•AD9040 10-6 

AD9048 4-31 

•AD9058 10-6 

•AD9060 4-39 

AD9300 8-41 

AD9610 10-16, 10-17 

AD9617 10-16, 10-17 

AD9618 10-16, 10-17 

AD9620 10-24 

AD9630 10-24 

AD9701 10-12 

AD9712 10-9 

•AD9712A 10-9 

AD9713 . . . 10-9 

•AD9713A 10-9 

•AD9720 10-9 

•AD9721 10-9 

AD9768 10-9 

AD75004 10-13 

•AD75069 10-13 

AD ADC71 10-5 

AD ADC72 10-5 

AD ADC80 10-4 

AD ADC84 10-4 

AD ADC85 10-4 

•ADC-170 10-4 

ADC-908 10-4 

ADC-910 10-4 

ADC-912 10-4 

•ADC-912A 10-4 

ADC 1140 10-5 

ADDAC71 10-10,10-11 

AD DAC72 10-10, 10-11 

AD DAC80 10-10, 10-11 

ADDAC85 10-10, 10-11 

AD DAC87 10-10, 10-11 

•ADDS-2 1XX-SW 9-9 

•ADDS-210XX 9-11 

•ADDS-2 100A-ICE 9-3 

•ADDS-2 101 -EZ 9-5 

ADDS-2101-ICE 9-7 

AD OP-07 10-18, 10-20 

AD OP-27 10-18 

AD OP-37 10-18 


Model Page 

ADSP-2100 9-13 

ADSP-2100A 9-13 

ADSP-2101 9-17 

•ADSP-2105 9-23 

•ADSP-2111 9-29 

•ADSP-21020 9-33 

•ADV101 10-12 

ADV453 6-3 

ADV471 6-19 

•ADV473 10-12 

•ADV475 10-12 

ADV476 6-9 

•ADV477 10-12 

ADV478 6-19 

•ADV7120 6-31 

•ADV7121 . 6-37 

•ADV7122 6-37 

•ADV7141 6-49 

•ADV7146 6-49 

•ADV7148 6-49 

•ADV7150 10-12 

•ADV7151 10-12 

•ADV7152 10-12 

DAC-02/03 10-11 

DAC-05 10-11 

DAC-06 10-11 

D AC-08 10-9 

DAC-10 10-9 

•DAC-16 - 10-10 

DAC-20 10-9 

DAC-86 10-9 

DAC-88 10-9 

DAC-89 10-9 

DAC-100 10-9 

D AC-2 10 10-11 

D AC-3 12 10-10 

DAC-888 10-9 

DAC1136 10-12 

DAC1138 10-12 

D AC- 1408 A 10-9 

DAC-1508A 10-9 

DAC-8012 10-10 

DAC-8043 10-10 

DAC-8143 10-10 

D AC-82 12 10-15 

D AC-8221 10-15 

DAC-8222 10-15 

DAC-8228 . . 10-13 

DAC-8229 10-13 

DAC-8248 10-15 

DAC-8408 ..8-49 

DAC-8412 10-13 

•DAC-8413 10-13 

DAC-8426 10-13 

DAC-8800 8-63 


•New product since publication of the most recent Databooks. 
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Model Page 

DAC-8840 8-77 

•D AC-8841 8-87 

DAS 1152 10-3 

DAS1153 10-3 

DAS 1157 10-3 

DAS1158 10-3 

DAS 1159 10-3 

MAT-04 7-21 

OP-01 10-17, 10-20 

OP-02 10-20 

OP-04 10-20 

OP-05 10-20 

OP-07 10-18, 10-20 

OP-09 10-20 

OP-10 10-23 

OP-11 10-20, 10-22 

OP-14 10-20, 10-23 

OP-15 10-17, 10-22 

OP-16 10-17, 10-22 

OP-17 10-17, 10-22 

OP-20 10-19, 10-21 

OP-21 10-18, 10-21 

OP-22 10-19, 10-21 

OP-27 2-169 

OP-32 10-19, 10-21 

OP-37 2-181 

OP-41 10-19, 10-21, 10-22 

OP-42 10-17 

OP-43 10-19, 10-21, 10-22 

OP-44 10-17 

OP-50 10-16, 10-18 

OP-61 2-193 

OP-64 2-211 

OP-77 10-18, 10-20 

OP-80 10-20, 10-22 

OP-90 10-18, 10-21 

OP-97 10-18, 10-20, 10-21 

OP- 160 2-225 

OP-177 10-18, 10-20 

OP-200 10-18, 10-21, 10-23 

OP-207 10-18, 10-23 

OP-215 10-23 

OP-220 10-18, 10-21, 10-23 

OP-221 10-18, 10-21, 10-23 

OP-227 10-16, 10-18, 10-23 

OP-249 2-249 

OP-260 2-267 

OP-270 10-16, 10-18, 10-23 

OP-271 2-287 

OP-275 2-297 

•OP-282 10-17, 10-20, 10-21, 10-23 

OP-290 10-18, 10-21, 10-23 

OP-297 10-18, 10-21, 10-23 

OP-400 10-18, 10-21, 10-22 

OP-420 10-22 


Model Page 

OP-421 10-21, 10-22 

OP-470 10-16, 10-19, 10-22 

OP-471 2-299 

•OP-482 10-17, 10-20, 10-21, 10-22 

OP-490 10-21, 10-22 

OP-497 10-18, 10-20, 10-21, 10-22 

PKD-01 7-33 

PM- 148/248 10-22 

PM- 155 A 10-22 

PM-156A 10-17, 10-22 

PM-157A 10-17, 10-22 

PM- 1008 10-18, 10-20, 10-21 

PM-1012 10-18, 10-20, 10-21 

•PM-6012 10-10 

PM-7224 10-11 

PM-7226A 10-13 

PM-7524 10-9 

PM-7528 10-15 

PM-7533 10-9 

PM-7541A 10-10 

PM-7542 10-10 

PM-7543 10-10 

PM-7545 10-10 

PM-7548 10-10 

PM-7574 10-4 

PM-7628 10-15 

PM-7645 10-10 

SSM-2013 7-51 

SSM-2014 7-57 

SSM-2015 7-59 

SSM-2016 7-65 

SSM-2017 7-73 

SSM-2018 7-81 

SSM-2024 7-93 

SSM-2110 7-99 

SSM-2120 7-111 

SSM-2122 7-111 

SSM-2125 7-123 

SSM-2126 7-123 

SSM-2131 2-315 

SSM-2134 2-327 

SSM-2139 2-333 

SSM-2141 7-133 

SSM-2142 7-139 

SSM-2143 7-145 

SSM-2210 7-147 

SSM-2220 7-159 

SSM-2402 7-167 

•SSM-2404 7-177 

SSM-2412 7-167 


•New product since publication of the most recent Databooks. 
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